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Abstract Plasma & Sciatic Nerve Lipid Dysregulation Peripheral Nerve Inflammation & Integrity Ca%* Homeostasis in DRGs

. . . . . T M e N T T T T T T T T T T T e v v v v N — N T - =~ N~ N W ST \ \“‘37:' 2 a VehiC|e MC38 . b C
Colorectal cancer (CRC) survivors are at increased risk of developing a . I TR o S aipepabuia papapapupaiupupuiurpadubuiupurpuiuiiiafpalapurpuiulicpupurpu i pafipe A ST YT s N E 157 0 Venice IB: 154 2500+
; PHEEERRROERIBERRRReRReel2 Y ERENERLNCNER 7 O\, s, | s G . T S £
neurological issues, particularly peripheral neuropathy and chronic pain. N TeasotsrigaL | , 5595559909955 0999g558: .| NN \ M e Wi PE: M S SO S i s s Stee RVR e = 2000+ :
- : : : : : Qo g reuze. 1 N Dacpparpurpupucpudarpuparpurbuducp harpbupapudarprbapubuBipadurbaduriuiudupudypuiapupuR o [ (e ’ * 2 L N Ny, o 85101 o 5 1.0 * 5 -
Although pre-existing neuropathy is a risk factor for chronic pain, tumor-induced % Toso 181 1893 e - C S C eSO PO e O g e0Ceo0E 8500086880 0S o 2 || S | { O E L N ) g s 2 & 5% - 310 T o 21500
. . . . . = Po,  FrifotsaLn pcfopepopolopofopcopofucopogofof o yopof R pofof oo oo oo R R ool | SN by, = l | T E 8 I o g 0 -
neuropathy has not been firmly established in pre-clinical models. Consistent b4 f@g@ 8o : S \ ‘ | ‘ ET 51 4 T > OXRYR B 05 <& 1000- 15
with clinical observations, mice with CRC develop peripheral neuropathy, which 8 | etcusoss2091 o Q Wiy o ° g g G 8 CSaame 1\ B = : al x 2 s00d . g
: . : _ : e " ¥ o K X F (A /A L 0 i q o
iIs associated with subtle locomotor deficits, without overt hypersensitivity. ° o x ° . d Calctots 0.0-—1— 0-——
. : . . . % " o o © 0 Growth Factor Adhesion molecule we Lalstabin RS RS
Peripheral nerves from CRC mice show widespread differences in pro- | | > £ u o T ——— @\@@o‘b Qé@@o‘b
: : . : : 5 4 2 0 : > emale g K
inflammatory cytokines and lipid metabolites, along with macrophage g2 (FO) Female 2 g
I t d I d t I DRG d t c Triacylglycerols - t d e f steryl esters | 2 g d Vehicle e Vehicle
accumulation and myelin decompaction. In neurons, ryanodine receptor Sl FA 24 CH A Semoste=] . Male 1 N (30/162) (70/162)
oxidation was associated with dysfunctional Ca%2* homeostasis and reduced It FA22C- ES FA 3-5 DB - ES N sciieptingoaingelcommidos) | £ Male 2 N 10
. . . . . TG(56:3) ES 0.2 FA > 3 DB 1 e monoacylglycerophosphocholines - - AF-/F
i - . . 0.50 °
spike amplitude. Similar inflammatory neuropathy and macrophage T662)| @ o5 FA2224C c241{ @ 63 mitochondrion \ ‘ ‘
. . . . TG(55:3) 1 . - 0.0 C22:6 1 ’ | r'nembr;ime oor'npon(.ent- ° 0.25 o & S @ 100s
accumulation was observed in peripheral nerves of rhesus macaques with CRC. 16647){ @ 00 o C224- 0.0 I modlcter el e 0.00 ¥
TG(54:6) 1 ' _ .
. H . A FA 19-21 C ~ C20:4 A glycerophosphoethanolamines - .0.25
TG(54:5)7 0. ) -0.3 ] . . . . . . . . . . i } \_
These f!ndlngs suggest CR(? can be causally linked to a subacute .form of ol o | MM Ll B _ s N .. dyceroprosphochalines | MC38 tumor growth is associated with peripheral nerve inflammation. MC38 mice exhibit evidence of epineural =3 - = i - -~
chronic inflammatory demyelinating polyneuropathy across species, which may rei] ® ool FA<2DB | roplasmiootedum ()1 | pualue edema, but do not show loss of blood-nerve barrier integrity (a-c). MC38 mouse sciatic nerves showed upregulation Caf K50 Caf2 Caff K50 Caf2
represent an under-reported, yet important risk factor for neurological e . pf"“e e pvalue . pvalue e eominee | - : o of numerous inflammatory mediators, including cytokines, chemokines, growth factors, and adhesion molecules (d). £ cas g -
. : : 2){ e 0.02 | | - :1 (sphingosine) - . M
dysfunction in CRC survivors. o] @ | @ oo ol ® 0025 c1e:2 ® ooz c18:1 (sphingosine) ® oo (35/103) (38/103)
TG(50:2) - : @ oos @ o0.050 lC18:0 | @ o004 ceramide phosphocholines (sphingomyelins) @ oo
TG(18:0/18:1/18:2) : : ) Alkyl,2-acylglycerophosphocholines -
IVI ate ri a IS & IVI et h Od S Lipid storage A ' . 0.08 hidencioy . 0.075 C16:0 1 . . 0.06 ' e Sapturafed fatty acid . 0.05
Lipid droplet - o C15:01 monounsaturated fatty acid |
GIch):eroIipipds 1 ° FA 13-15 C A T iC1420 1 @ 1—alkyl,2-acy|gIYCerophosphoethanolarriines . IL—{\M
S [ h d e dde s drdede s e an g csacan e Jaas oo 3 - O "“l- m 0O
QTG(5:0_18:O_18:%)_10 PE(1g1_18:2)_1 3 gl §| §| §| fl §| §| §| §| §| §| il il §| §| §| 3 §| §| §| §| 3 §| §| il il fl §| §| il §| il il i §| g| il §| il ;\' §| él Caf1 K50 Caf2 Caf1 K50 Caf2
y: R 4 ° @@ él i' §| ;I él %I é| gl gl §| gl gl él gl é| él é| él él él §| é| él él g él EI g gl §| él ;l ‘;I él é| él i' %I g g %I él i' h Caf1 Caf? i . _ . _
Vehicle/MC38 > e® ® ?
jecti \o% 80 I
Injections i.p luciferin imaging and behavioral testing < - P P o Q 15 - =
o) '®) 8 c
N ©® oLy . D6 = 5 @ 607
% 8 CE Z% 8:)80 TG(18:2_18:2 20:2) 1 é % 40 *
J po O®p® o © H@?(lCer(d18:1_24:1)_40 % % o
* : = e 20
25 0.0 25 5.0 7.5 o 15
MC38 cell , , - , Log2 (FC) ~ 0-
maintenance Tissue Collection, IHC, TEM, Lipidomics, Maestro
Edge MEA system (Axion BioSystems), Blood : - k I o Qrb% o On;b Bl Caf1only ll Caf2 only B Caf1only B Caf2 only
Pane|3' Ca|C|um |mag|ng triradylglycerols - . j FA 19 carbons - ® monoaoylg|ycerglp?hson;2hr2§}:r;ﬁ)i;a::- Aé(\\ @ AQ\’Q\ @ [ Both 1 Neither ] Both 1 Neither
triacylglycerols - 1 mitochondrion -
TG(E67)| pvalue FA18 carbons orless e ] ovalue TGFB and RyR oxidation are associated with DRG neuron dysfunction in
TE(EE0) 9 I FA 18 carbons{  + pvalue pid-mediated signalling ® 005 MC38 tumor-bearing mice. TGF-B-driven oxidization of neuronal RyR (a-c)
reesa) @ ® oo @ ooos "lycerophospholpids 1 ® oo causes Ca2* leak and depletes ER Ca?* stores in DRG neurons (d-j)
TG(56:3) o @ oos FA 17 carbons - @ o010 glycerophosphoinositols - ' p J )
TG(55:4)- ® . 0.08 FA 16 carbons - g|yCer%gﬁgg(:)?\z(;?ﬁ222||;’$;2§ N . o075
TG(55:3) 1 . ES ' glycerophosphooholines .
TG(54:8){ @ . FA 16-18 carbons{ o di‘:\g‘jl‘;ﬁﬁz‘;'ghrs;'s&”sgffez): ES
TG(54:7) 1 ® 0.00 S— . diaoylgcherophosphoethanolam?nes . 0.5
TeGen | @ B e a b c
a b c TG(48:3) A o =Ekas FA 13-15 carbons - 02 aIkyI,2—aongcherophosphoethanolamfnes - 0.0
5 10% Te(e0ns018 )| @ 0.50 ik 2.6 iy o fokpihost sanolamines,
= An7 Q _ _ . | FA more than 18 carbons - ' -0.4 ’ o i -0.5 _
£ 1075 2 TG(16:0/16:1/18:1)1 @@ I os t?rrlzgy:g:yzgg:z — . - ’
3 %_ 10%4 g TG IeareRrSs 1)) . | FA 24 carbons - Imonouns turatei/d?‘aytty acid "g
é IE. 103: lipid storage - . lipid storage{ ¢ 3
ol &) ] O — - -24 carbons 1 lipid droplet4
o _E { Vehicle MC38 lipid droplet 7 1 Thez ° diacylgcherophospkll%ino;iglz .
§ I reniide T YRRy B |
L e = MC38 CRC dysregulates plasma and sciatic nerve lipids. MC38 tumor-bearing mouse plasma (a-f) Nh) = f
Weeks Post-Injection and sciatic nerve (g-k) show similar upregulation of inflammatory lipid species associated with neuropathy d % £
d . e f < ot (128 = 1G5 (1 alongside widespread and marked downregulation of triglycerides. *
E : 1_ 8./ 100_ EE_‘e ICle (N= n= :
20 g 387 $E 82 8% . L | .
~ DDDDD o (o) C_U | E O 6 o O
HAE I 5 : Schwann Cell Injury & Demyelination :
o o = 0.3 Male(n=1(3) < 0.3 a o % S : /
" En a 1=+ Female (n=10) o : o o 40
% 11 " 1Mc3s 1 £ .
z {5 b, | oss ;T o) - o . *
0 T T 0.1 T T T T T 01—Trr|p—_|—rrrm1] T T T T ch 0 T T T T o o - 0 e
2 o BL 1 2 3 4 104 105 108 107 108 BL 1 2 3 S 30 o° ¢y 30 _ g 4 == 2 N
A"}\\ QO Weeks Post-Injection Average Radiance Weeks Post-Injection % 0 N i DEJ o h .
i< O < 20 g X204 B 9 100- . 100 I 1000w control ne7
. § = S 0000 0000 mm Control (n=9) mm Control (n=9) ontrol (n=7)
800~ at. a2 Qs _Q4° o4 o o 10— oL EED 30 mm CRC (n=18) 804 mm CRC (n=18) 80- mm CRC (n=15)
? (15-19°C) (19-25°8) (25-32°C) (32-40°C) o o0 O
o g 600 13 00 = _ — = p =0.02
§ = 400- o o S 60- p =0.002 S 60 p =0.031 S 60
=2 200- o ® o ® O © o
200y ., m=m 55 & &P & i 5 >
80(())— BL Wk 3 BL Wk 3 BL Wk 3 ) , j U Aé’o @ Qé}\ @ Dq.) 40 Sf 40 Sf 40
5 2% o v PR - WD Macrophage infiltration & IgG deposition in MC38 mice. Increased CD68 density in MC38 mouse sciatic nerves ° ! 20 20
=3 . . . . . - .
£ 2001 . g==a & % ........ 21d BL 15 30 90 120 (a-d) and DRG (e-h), increased NF200 density in the sciatic nerve (i-l) and elevated IgG content in the DRG (m-p). 0- y 047 > 0- _ »
O T T wes sl wie T aL was Minutes Post Injection 1 2. 3 0 1 2. 3 4 Negative  Positive
K | c Inflammation Score Degeneration Score Bungner Bands
[ . . . .
5 U0 om0y 1407 ~ 140- X = 10 o 04l Inflammation and degeneration in nerves of rhesus macaques with CRC.
9 . n= @ _ 7 = . 5 . . .
< o T 2y < 1201 | | B 154 x © i Nerves from healthy macaques show few signs of inflammation and nerve
2 SIS T DU P ol > - I 30- T 034 . Q0 .
g 100 sty G 100 G 1007 =R < | .0l ° Lo © a . MR : | zeen b | damage (a-c). Macaques with CRC exhibited cellular infiltrates, axonal
g 0] 10 0 | C
S 40 = 80- D s0- | 1. 'Wide Flat'  2.'Narrow Flat' 3. Round S [ = 20 0.2 - :  aaove | |— Vehicle (n=12) — MC38 (n=12) . . . L. . .
¢ 1 s 1 5 1 S~ = < | °X° 2 || 9 o . degeneration, and increased Iba1 immunoreactivity in nerves (d-i).
2 U Y Yo | O, T o1 5 : L - £ 10001
0.0-— . 2 BN = = O e O T O I WA R T A T TS .
o o : 3| Conclusions
;\g/ 120 % 120 giwzo— Qéf\\ @O =3 © £ Active 0 | (,5)-
S 100- £ 100—---45;4%- B 1001 | A H ] o _ _ _
< o r. 3 g0l - E - e "3 Pre-existing neuropathy is a major risk factor for development of CIPN. Latent
= 1 = 1 s 1 ol * A B T e, N — 0 4 8 12 16 20 24 28 3|2 3|6 40 . . €t v ’ . .
“oep  ® 8y @ep 05 ] ” T e —— - 05 Hours in vitro neuropathy associated with CRC could represent a ‘priming’ stimulus in
BL1 2 3 4 BL1 23 4 BL1 23 4 ) ) H i . . L. . . . .
. o . 707+ Vehide (n=20 70 70 coalEiabeida e f g 20- h | susceptible individuals, wherein a prior insult augments the pain response to a
] @ —~ ] 60-{ ° MC38(n=17) 60- 60- s | F s i ™o T o . i i i i
0 — A . I — L —
3 120 g 1201 2 120- 50- § (‘DE {2 TR n 2 S 0. %ﬁa T —f"—“—fh — . Th subsequent injury. Future studies should address any potential relationship
Z T & o egy § o) S =|! P R ikl B ey G § | 0 e W ol ! . between CRC-induced neuropathy and the development and resolution of pain in
§ 7 8) 7] Q 7 % S - 2 100+ ;: c |I |I 1 M A O i - IlllI N . + m .
Z ZZT £ ZST 8 ZST 2 o vendeeatny 01 ; ¥ Bl s = | ﬂgiggmx response to subsequent insults.
° BIL ‘; é é éll- 0 BII_ ’II é :I’, Lll 0 ) i 0 0 0.0 . | T II\I/IICI:I?S (n.=1.7.0.).. 0.0 o (,5)_ 50 |||IIII |I:II|I I| 1 ¥ II|||| |I | 75 ms
o BL Wk.3 BL Wk 3 BL Wk3 BL Wk3 BL Wk3 BL Wk3 1 10 <3 3.6 6-10 =10 8 a A A A A a 5 F d ]
Weeks post-injection Wide Flat Narrow Flat Round T ot Bak T Log1g Axonal Area (pmz) Axonal area (pmz) = 0 Vehicle MG38 u n I n g
MC38 tumor mice exhibit behavioral abnormalities. Tumor bearing mice (a-b) Schwann cell injury & myelin decompaction in sciatic nerves of MC38 mice. S100B expression was DRG neuron spontaneous activity was not adversely affected by MC38 tumor growth (a-d). Spike amplitudes + Rita Allen Foundation award in Pain (to AJS)
show IENF loss (c-d), but unaltered tactile/thermal sensitivity (e-j). Minor gait significantly elevated in sciatic nerves from tumor-bearing mice (a-c). Transverse TEM images of sciatic reduced in MC38 mouse DRG neurons (e-g), and electrically-evoked action potentials were not affected (h-i).  Travel Award from Axion Biosystems (to CMG)

abnormalities (k) and deficits in motor coordination (I-n) were observed. nerves from MC38 tumor-bearing mice show numerous irregularities in myelination (d-I).
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