Gut microbiome In early pediatric multiple sclerosis: a case-control study
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 Alterations in the gut microbiome have been associated with neurological and autoimmune diseases,
including Multiple sclerosis (MS) [1-4]

* The gut microbiomes’ diverse roles range from vitamin synthesis to immune system modulation [5]

» Pediatric MS, offers a unique opportunity to explore the microbiome close to the actual onset of disease,
after relatively few years of life and exposures have accrued

To examine the gut microbiome in patients with early onset pediatric MS and control subjects of similar age
and sex. To assess whether demographic or disease features were associated with the gut microbiome.

Eligibility:
Children <18 years attending a University of California, San Francisco, USA paediatric clinic
Cases: MS (McDonald criteria 2010); within 2 years of symptom onset

Controls: without autoimmune disease (asthma or eczema allowed); neither parent had MS or related disorders

Table 1. Select characteristics of children with early onset MS and controls

All cases had early onset RRMS
Characteristie [ MScase,n=8 | Control, i=I7[al | . age at symptom onset: 12.
Sex, n (%): Girl 10 (56%) 9 (53%) years (mean, range: 4-17)

* disease duration at stool
Age at stool sample , mean 12.5 years 13.5 years sample: 10.6 months
(SD; range) (SD=4.44; 4-17) (SD=3.08 ; 9-18) (mean: 'ranée: 2-23)

[ o I —
Race: White 9 (50%) 13 (7% 9 (50%) exposed (0 an immuno
Ethnicity: Hispanic 8 (44%) 6 (35%) 5 glatiramer acetate,
Overweight or obese 6 (33%) 5 (29%) :13 betal-.interfegon,
(=85t percentile[b]) natallzuma _ _
High-fat, low fibre diet [c) 5 (28%) 5 (29%) (265’;%?:‘;rt;’_;sgl"g:?f;?g"d
Mode of delivery: vaginal 16 (89%) 15 (88%)
Key: [a] 16/17 controls contributed to the sequencing and 14/17 controls to the microarray No case or control exposed to an
[b] from age-sex BMI growth charts. BMI and mode of delivery missing for one control child antibiotic with 2 months pre-stool

[c] Diet metrics derived from the Block Kids Food Screener (NutritionQuest) [6].

Sample collection, processing and analyses:

Stools were shipped on ice and stored at -80C until DNA extraction. Full-length 16S rRNA gene (27F.1/1492.jgi)
was amplified and assessed using lllumina Miseq with primers for the V4 hyper variable region (515F-806R).
The G3 PhyloChip microarray (Second Genome, Inc., CA) formed a secondary, validation platform. Taxa (OTU)
were defined by 16S rRNA sequences with 297% similarity. Associations between the patient characteristics
and community composition were explored using permutational multivariate analysis of variance. Rate ratios
were calculated via negative binomial regression. Microbiome functionality was inferred via PICRUSt [7]
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e Cases and controls were similar for alpha and beta diversity metrics:

richness, evenness, Faith’'s phylogenetic diversity and Canberra distance matrix (p>0.1; Mann-Whitney)
» Of the other characteristics explored [Table 1], gut microbiome composition was most significantly related to:
e Ethnicity: hispanics exhibited lower alpha diversity than non-Hispanics, reaching significance for evenness

only (Mann-Whitney, p=0.040)

* IMD exposure: explained 6.8% of the variation (Canberra distance; IMD exposed vs unexposed cases vs
controls, p=0.012) or 7.1% within the MS cases only (IMD exposed vs unexposed cases, p=0.016).

Lachnospira Bilophila
—OH HO
Lachnospira Bifidobacterium
Ruminococcaceae Clostrodiales
Laghnospira Desultovibrio

Paraprevotella Coriobacteriaceae

HO— | o |
€Depleted in MS vs controls ‘Enriched in MS vs controls 3

0.125 0.25 0.5 1 2 4 8 16

Rate ratios (95%ClIs). Log-10 scale

Figure 1. Top 10 most significantly
enriched and depleted taxa
MS (vs controls): rate ratios (95%Cls)

* Of 25,134 taxa identified, 160 were
significantly enriched in MS cases;
163 were depleted

* Figure 1 shows the top 5 most significant
for each (all p and g <0.000001)

Example: Children with MS had
3.0 times the abundance of Bilophila
(95%CI: 2.9-3.2) than control children

Figure 2a, b. Example of a pathway
where findings were influenced by

00000 | 2a) Controls vs all -
cases; p=0.54

* Multiple pathways (KEGG orthologs) o]  (Mann-Whitney)

were enriched in cases vs controls,

e.g. folate biosynthesis, glutathione
metabolism and the renin-angiotensin
system (Mann-Whitney, all p<0.05)

* Findings were affected by IMD
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exposure, see Figure 2a,b for an example

» Microarray findings broadly concurred with sequencing
(alpha and beta diversity; data not shown)
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» Although overall gut community composition did not differ significantly between MS case and controls,
specific taxa were significantly altered in relative abundance in this very early onset pediatric MS cohort
» Suggests that MS onset may be associated with changes in a few taxa rather than overall community

composition

* IMD exposure explained the greatest compositional variance in the microbiome in this cohort
Findings require further interrogation, analysis and confirmation, but will guide the design of

future structural and functional studies




