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Understanding the Infectious Origin of ME/CFS

through the recent pandemic
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S?EE?rymb Understanding early stages of disease development is
key to treatment

12-18 months
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éa“%rymb SARS-CoV-2: an opportunity to learn post-viral iliness
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Healthy controls ME/CFS No LC Mild LC Severe LC
n =383 n=106 n =149 n=107 n=23
male = 32 male = 33 male = 67 male = 39 male = 8
female = 51 female =73 female = 82 female = 68 female = 15

Zheng et al., 2023, MedRxiv



~ Hyperactivated Cell Danger Response in ME/CFS

—

The Mosaic Disease
(Searching for a needle in a haystack)



I%T/Lob Serum-transferrable phenotype via Immunoglubulins
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Immunoglobulins from severe ME/CFS patients can induce mitochondrial
fragmentation in primary human endothelial cells



I%T/Lob FCNZ2 is increased within immune complexes
of some of the ME/CFS patients
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« FCN2 (Ficolin 2) is associated with Adenoiditis and Rheumatic Fever.
 Initial triggering of Complement cascade, involved in calcium ion binding.
* May function in innate immunity through activation of the lectin complement pathway.



éa‘érymb Specific Functions of Fibronectin is altered in ME/CFS
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— Mean
— Median



Prusly Lab

500 - KoKk
400 \
S 300 ‘
O L4 Ady
o e Fu
> 200 - i
L i,
100 - : A
0 | |
L dg;
N\
,So

RESEARCH

UK

(mmme

mmmmmm Mechanisms of ME

Total ME/CFS cohort (Germany)

200

FN1 conc. (ug/ml)

—

o

o
|

o

ELISA-based quantification of Fibronectin levels in Serum
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éa‘érymb Circulating Fibronectin levels in serum
after SARS-CoV-2 infection
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Serum Fibronectin levels in Covid-induced ME/CFS
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COVID-induced ME/CFS (pcs)

The best time to identify these differences is just after disease initiation

In Collaboration with
Prof. Carmen Scheibenbogen, Berlin



Fﬁérymb Possible hypothesis linking Immunoglobulin
to Mitochondrial function and cell survival

Circulating Antibodies Circulating Immune Complexes
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B- cells might be altered by lack of Fibronectin within the immune
complex producing increased autoantibodies against Fibronectin. Ouchida R et al., PNAS (2012)



F?r“E%rymb Potential association between Serotonin and Fibronectin
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Serotonin reduction in post-acute sequelae of viral

infection
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In brief

Post-viral syndromes are associated with
serotonin reduction, which may
contribute to the neurological and
cognitive symptoms seen in individuals
with Long COVID.
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Serotonylated fibronectin is elevated in pulmonary hypertension

Lin Wei,! Rod R. Warburton,! loana R. Preston,! Kari E. Roberts,! Suzy A. A. Comhair,2 Serpil C. Erzurum,?
Nicholas S. Hill," and Barry L. Fanburg™
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Abstract Goto: »
Serotonin (5-HT) and fibronectin (FN) have been associated with pulmonary hypertension (PH). We
previously reported that FN is posttranslationally modified by tissue transglutaminase (TGase) to
form serotonylated FN (s-FN) in pulmonary artery smooth muscle cells and that serotonylation
stimulates their proliferation and migration, hallmarks of PH. We hypothesized that s-FN and its

Fibronectin is possibly not incorporated into the active immmune complex in ME/CFS
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Possible endogenous retrovirus—ME/CFS link

ME/CFS



Endogenous retroviruses (ERVs):
8% of the human genome

Ancient viral integrations
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ERV functions
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ERV proteins and regulatory sequences
co-option in the placenta

proteins
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ERV proteins can control energy production

ERV proteins mediate cell-to-cell transfer of mitochondria
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ERV genomes and activation

Activation Viral RNA
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ERV activation additionally enhanced by
female sex hormones

ERV has hormone responsive elements
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3 in 4 ME/CFS patients are women



ERV detection challenges

ERV variants are:

« NOT captured by SNP genotyping arrays

« NOT in GWAS imputation databases

« NOT in standard NGS pipelines (e.g., GATK)
« NOT in dbSNP or dbVar

ERV expression is:
 NOT in standard RNA-Seq pipelines
« NOT in RefSeq

Existing ERV detection methods very limited



ERVcaller: accurately genotype each distinct
individual ERV

Homozygous Heterozygous Homozygous
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PCR/Sanger sequencing verification of ERVs

Allele with ERV insertion

GG CAACA TTAGATAACC TACATAAAATGTGTAGGGGTGGGTTGCCCCTACACACCTGT

Allele with ERV insertion

CA AGAAAGAACAT GAAAATCA ACCACTGTAGG GGTGGGTTGCCCCTACACACCTG

Chr11:60449895 (+) ERV-K: 969 (-)

Allele without ERV insertion

Subject
HGO00731

Chr12:44313657 (-) ERV-K: 969 (-)

Allele without ERV insertion

CAAAAGAAAGAACATGAAAATCAAAACCACAATG AGAT! ACCTCACA TGTCAGAAT
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__

Subject
HG00273

== Human reference genome

mmm ERV insertion




ERV-Wide Association Study (EWAS)
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ERVcaller generates standard VCF and PLINK format of ERV genotypes
ready for genome-wide association study



ERV genotypes associated with cytokines/blood measures in ME/CFS
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ERV transcripts separate ME/CFS

Principal component analysis
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ERV transcripts unique to ME/CFS
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ME/CFS-specific ERVs distinguish diagnosis.
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Exercise/stress to stimulate ME/CFS hallmark:
post-exertional malaise (PEM)

Cardiopulmonary exercise test -
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RNA-Seq from 14 ME/CFS vs. 11 sedentary
healthy controls before and after exercise



ERV-gene co-expression networks
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Principal Component 2 (9.3%)

ERVs separate ME/CFS
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ERV expression correlates with immune
response genes

Module 3
(251 HERV / 34 genes)
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SARS-CoV-2 can activate ERVs
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SARS-CoV-2: trigger of ERV reactivation

Production
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SARS-CoV-2, even in its mild or asymptomatic form, is a potent
trigger for ERV reactivation.
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