
 
Meet the Experts - 

Tough Gene2c Cases
ESPN Research Conference 

(Complement)

Florence, Italy 
 March 13, 2026

 
Marina Noris PhD

Head, Centre of Human Gene0cs
 Is0tuto di Ricerche Farmacologiche Mario Negri

 Milan, Italy

Mathieu Lemaire MDCM PhD

Division of Nephrology, Hospital for Sick 
Children 

 Cell Biology & Systems Program, SickKids RI
 Department of Pediatrics, U of Toronto

1



Disclosures
• ML

• Speaker and consul2ng: 
Alnylam

• Consul2ng services: Novo 
Nordisk, Arbor 
Biotechnologies

• Research grants: CIHR, 
NIH, CDA

• MN

• Speaker and consul2ng: 
Sobi, Alexion, Novar2s

• Research grants: Novo 
Nordisk, Q32Bio, Eleva, 
Kedrion

Noris & Lemaire, 2026 2



illustration by Alex Willliamson (for Experience Life)

Note
We assume that the audience 
 has a good understanding of 

 basic gene3cs concepts 
 and is familiar with the 

 major forms of kidney TMAs 
and complement biology



Cases (all heterozygous)

Cases Variants Diagnoses Authors

1 An old pathogenic 
 CFH muta2on

HUS Toronto

2 A splice site CFH variant 
 classified as a VUS

aHUS La Porta et al.

3 A C3 variant 
 classified as a VUS

IC-MPGN Coccia et al.

4 A CFI variant 
 variable interpreta2ons

aHUS Borovitz et a.

5 Hotspot CFH variant aHUS, ARMD Bergamo



Data to assess ? gene+c disease

Cases Variants Diagnoses Family
 history

Consanguinity Disease 
relapse?

Parent 
tes7ng?

Disease 
mechanism

1 CFH 
missense

aHUS Yes No No No LOF

2 CFH 
splice site

aHUS ? ? Yes No LOF

3 C3 
missense

IC-MPGN ? ? ? No GOF

4 CFI 
missense

aHUS ? ? ? Yes LOF

5 CFH 
missense

aHUS ? No ? No LOF



Case 1
Atypical HUS

heterozygous CFH missense variant

Toronto



Case 1 - unaffected subject, aHUS in the sister

Older sister with aHUS (treated with eculizumab)

Unaffected subject (sister)

Gene panel done + carrier testing in ~12 y earlier, 
patient seen in the clinic @ age 17 y

no match!; likely variant nomenclature mistake as per HGMD

?



Revisi&ng your pa&ent's results

• repeat analysis even if it was "posi2ve" -- it may now be benign!

• if nega2ve and done >5-10 years ago, consider re-tes2ng with 
current panels

• if nega2ve, important to check there are novel disease-causing 
genes that were not tested at the 2me
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Free online resources to help you

• HMGD (The Human Gene Muta0on Database)

• gnomAD (Genome Aggrega0on Database)

• ClinVar (public archive of interpreta0ons of gene0c variants)

• OMIM (Online Catalog of Human Genes and Gene0c Disorders)
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Change in NPHS1 variant numbers since 2012 in HGMD
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https://gnomad.broadinstitute.org/variant/1-196743466-A-T?dataset=gnomad_r4

"730,947 exome sequences and 
76,215 whole-genome sequences 
from unrelated individuals, of 
diverse ancestries,"
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https://www.ncbi.nlm.nih.gov/clinvar/variation/294520/



Case 1 - Conclusion
VUS or likely benign!

• Evidence against variant being pathogenic is overwhelming

• far too high MAF (2.8% in AA)

• all predic@on soAwares = benigns

• also most ClinVar entries = benign
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Case 2
Atypical HUS

heterozygous CFH splice variant

La Porta et al.



Case 2
• Chronic mul-system inflammatory disease from 5 mo through age 8, with fever/arthri-s/

rash plus immune dysregula-on and broad organ involvement

• par-ally responsive to immunomodula-on 

• Age 8: STEC HUS, CVVHDF for 3 weeks

• Rx: eculizumab plus IVIG/plasmapheresis 

• 3 weeks later: another episode of HUS (fall, neuro lesion, ?relapse) 

• Complement blockade + IVIG + rituximab

• Gene-cs/func-onal tes-ng: ?complement-mediated suscep-bility

• no pathogenic variant



Case 2



Case 2 - Genetic testing

CFH variant previously reported in association with pathogenic CFI genotype
 - classified as pathogenic by Zuber et al. JASN 2019
 - reported as variant of unknown significance (VUS) in ClinVar



How variants assigned degrees of pathogenicity is not described
"risk stratification (high/moderate/low) for aHUS recurrence [post-Tx] was 
based on a classification described in previous reports.
- “high risk”: patients who had experienced a recurrence with a previous 
allograft and/or were harboring a pathogenic variant in CFH, C3 or CFB
-  "moderate risk": patients who had either a negative complement 
screening result or a pathogenic variant in the CFI gene or detectable 
circulating anti-CFH antibody
- “low-risk”: isolated mutations in MCP or DGKE, or anti-CFH antibodies 
no longer detected

based on 
CFI variant



History of gene-c variant analysis

Year Milestone Details

2000 First ACMG 
Recommenda3ons

ACMG Laboratory Prac3ce 
Commi8ee publishes ini3al 
guidance for interpre3ng 
sequence varia3ons in clinical 
tes3ng

2007 
 Richards Genet Med

Revised ACMG Guidelines 6 categories introduced 
improved but s3ll lacked 
weighted, combinable 
evidence criteria

2013 ACMG/AMP/CAP 
Workgroup Convened

Mul3disciplinary workgroup 
of clinical lab directors and 
clinicians develop a 
systema3c, criteria-based 
framework

2015 
 Richards Genet Med

ACMG/AMP 2015 
Guidelines Published

Landmark publica3on 
28 weighted evidence criteria 
Classifica3on system (P, LP, 
VUS, LB, B) 
Combining rules

2016 
 Amendola AJHG

Interna3onal Adop3on 
Begins

9-lab concordance study 
UK ACGS formally 
recommends adop3on for 
germline variant classifica3on

Year Milestone Details

2017 
 Rehm Genet Med

Wide Adop,on & First 
Refinements

Guidelines described as 
"widely adopted na,onally 
and interna,onally"

2018 
 Tav,gian Genet Med

Bayesian Quan,ta,ve 
Framework

ACMG criteria mocelled as a 
Bayesian classifica,on 
framework, enabling 
quan,ta,ve point-based 
scoring

2019 
 Niehaus Genet Med

~97% Laboratory Adop,on Survey of 65 labs from 15 
countries

2019- Gene-Specific Specifica,ons ClinGen VCEPs publish 
adapted ACMG/AMP criteria 
for >50 gene-disease pairs

2024- Ongoing Evolu,on ACMG/AMP/CAP/ClinGen 
SVC v4.0; European ABC 
system proposed as 
alterna,ve



Free online resources to help you

• gnomAD (Genome Aggrega.on Database)
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https://gnomad.broadinstitute.org/gene/ENSG00000000971?dataset=gnomad_r4

scroll down!



scroll down!





(ADP)

Case 2 - More investigations
1) ?aberrant CFH mRNA splicing in leukocytes  None
2) Measure serum CFH level  143 mg/L (141-411 mg/L)
2) Functional testing using subject's plasma applied to human microvascular 
endothelial cells (HMEC) 
 - look for deposition of C5b-9 vs. control

? ⬆risk of TMA



+1 +2 +3 +4

WT

variant G

C

Canonical donor splice site

Evaluating the potential impact of a splice site variant

Exon Intron

The WT sequence motif 
at that position looks 
like a weak donor site

After the change, it 
looks more donor-like

But not necessarily 
functional

Splicing predictors

c.3133+4G>C

From gnomAD



Case 2 - Conclusions

• c.3133+4C>G is at most a VUS

• probably a benign variant
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Case 3
IC-MPGN

heterozygous C3 missense variant

by Coccia et al.



Case 3

• 2 y: SSNS, no relapses, normal complement

• 9 y: proteinuria (2 g/day) + hematuria 

• ⬇C3, normal C4, C3Nef: negaBve 

• ANA low-Bter +ve, anB-dsDNA neg; viral 
serologies neg

• Kidney biopsy: MPGN paNern

• IF: deposits in mesangium and capillary walls, 
IgA (2+/4), IgG, IgM, and C1q (1+/4), with 
dominant C3 deposiBon (4+/4)

• EM: mesangial, subepithelial, subendothelial 
deposits; 30% FPE

• Diagnosis: primary IC-MPGN



Case 3

• Treatment: steroids 12 mo + MMF 3 y + enalapril

• Response: normaliza:on of C3 and proteinuria at 6 months

• Current status: no proteinuria, on no treatment

• Gene:cs: heterozygous C3 variant c.3106A>G; p.Lys1036Glu

• Report: VUS

Noris & Lemaire, 2026 34



Frequency: Rare

Prediction: not helpful!

Key point

Since C3G and aHUS are caused 
by a gain-of-function C3 variant, 
prediction algorithms are not 
helpful at all

They are optimize to predict loss-
of-function phenotypes! 

supports potential impact
benign
no effect
no effect
strong conservation
possibly damaging

https://gnomad.broadinstitute.org/variant/19-6694479-T-C?dataset=gnomad_r4



https://www.ncbi.nlm.nih.gov/clinvar/variation/2072935/

Comment:
- Replaces lysine, which is basic and polar, with glutamic acid, which is acidic and polar 
- Present in population databases (gnomAD no frequency)
- Not reported in the literature in individuals affected with C3-related conditions. 
- Advanced modeling of protein sequence and biophysical properties: expected to disrupt 
C3 protein function
- Available evidence is insufficient to determine the role of this variant in disease
- Classified as a VUS



Case 4
Atypical HUS

heterozygous CFI missense variant

by Borovitz et al.



Case 4
• Clinical presenta-on

• Previously healthy 17-y F with many days of 
malaise and extreme weakness, no diarrhea

• Received IVF infusions x2 before labs done

• Inves-ga-ons

• severe anemia (Hb 6.1 g/dL)

• thrombocytopenia (31,000/µL)

• AKI (Cr 7.5 mg/dL; urea 150 mg/dL).

• ADAMTS13 normal; other serologies 
unremarkable

• no anW–E. coli or anW–CFH anWbodies

• Working diagnosis

• atypical HUS

• Treatments

• blood transfusion.

• eculizumab, later ravulizumab

• Outcomes

• hematologic improvement within days

• gradual renal recovery

• no dialysis required.



Case 4

• Gene$cs: heterozygous CFI variant, c.719C>G; p.Ala240Gly

• Rare in populaBon databases (gnomAD)*

• Predicted to be damaging by REVEL (0.73)*

• ClinVar: benign, likely benign, VUS (no clinical context)

• Carrier tes$ng: healthy mother is heterozygous 

• Conclusion: VUS, leaning toward likely benign



https://gnomad.broadinstitute.org/variant/4-109760576-G-C?dataset=gnomad_r4

Key point #1

The allele frequency must "make 
sense" vs. expected disease frequency 

- Not rare at all: ~1% of Ashkenazi 
Jews are carriers (172/15000 subjects)

- One homozygous subject

Key point #2

Don't be fooled by a low overall 
minor allele frequency

If it is too high in one ancestry 
group, then it is no bueno



Framework to determine if a variant is too 
common for a given disease1

• Main factors to take into account

• disease prevalence

• gene/c and allelic heterogeneity

• inheritance mode

• penetrance and expressivity

• Key point: Allele rarity is a necessary, but 
not sufficient, criterion for pathogenicity

• For CFI p.Ala240Gly

• Es$mated prevalence for all forms of 
aHUS is ~2-10 per million pop'n

• Thus lower than that for CFI-aHUS

• Having 1% of Ahkenazi Jews being carrier 
is far too high to be pathogenic

1 Whiffin, N. et al. (2017) Genet Med.



Comments:
- This variant was observed as part of a predisposition screen in an ostensibly healthy population. 
- A literature search was performed for the gene, cDNA change, and amino acid change (where 
applicable). 
- No publications were found based on this search. 
- Allele frequency data from public databases was too high to be consistent with this variant 
causing disease. 
- Therefore, this variant is classified as benign.

No data about 
allele frequency 
in 2025!

Comments:
- CFI p.Ala240Gly (c.719C>G) is a missense variant that changes the amino acid at residue 
240 from Alanine to Glycine. 
- This variant has been observed in at least one proband affected with a CFl-related disorder 
(PMID:35619721;17018561;22456601;29370420;28596415). 
- At least one functional study has demonstrated a substantial alteration in protein function 
relative to the wild-type (PMID:37363824;19877009;32510551). 
- The variant is located in a mutational hotspot. 
- In silico models agree that this variant is possibly or probably damaging

Key point: 

Not because the interpretation appears to come from 
a "professional" source that it is of good quality.

ClinVar



No discussion… assumed to be pathogenic back then

FI levels in 
supernatant 
(secreted)

FI levels in 
lysates 

(whole cell)

Conclusion: p.Ala240Gly results in 
reduced expression of FI in vitro



p.Ala240Gly

Reference range for CFI: 18-44 mg/L
Definition of "low CFI" <25 mg/L
So p.Ala240Gly is "low-normal"

0.5% is far from 
being ultra-rare



Case 4

• Based on very high MAF data, it is most likely a benign CFI 
variant

• Func;onal data is not very convincing

• Key point: beau.ful experimental data never trumps weak 
gene.cs
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Case 5
Atypical HUS

heterozygous CFH missense variant 
(hotspot)

Bergamo



Case 5
• 65-y pa)ent hospitalized for:

• Acute kidney injury (crea)nine 3.5 mg/dL)

• Low platelets 89,000

• LDH 3631 U/L, haptoglobin <30, schistocvtes 1.4%

• Hyperbilirubinemia

• Other data:

• C3/C4 95/22 mg/dL

• Blood pressure 172/115 mmHg

Noris & Lemaire, 2026 47



Case 5

• Treatments: 

• HD

• An/hypertensive treatment

• Eculizumab

• Gene/cs: heterozygous p.R1210C variant in CFH

Noris & Lemaire, 2026 48



Free online resources to help you

• HMGD (The Human Gene Muta/on Database)

• gnomAD (Genome Aggrega.on Database)

• ClinVar (public archive of interpreta.ons of gene.c variants)

• OMIM (Online Catalog of Human Genes and Gene.c Disorders)
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Benign
Benign
No effect
No effect
Low conservation
Likely Benign



Free online resources to help you

• HMGD (The Human Gene Muta0on Database)

• gnomAD (Genome Aggrega0on Database)

• ClinVar (public archive of interpreta4ons of gene4c variants)

• OMIM (Online Catalog of Human Genes and Gene0c Disorders)
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extremely heterogeneous phenotype



More about CFH p.R1210C

• Unusual variant ➡ generates covalent complexes between FH 
and human serum albumin

• Forma:on of FH-HSA complexes impairs accessibility to all FH 
func:onal domains

• These data suggest that p.R1210C is a unique C-terminal CFH 
variant that behaves as a par:al FH deficiency, predisposing 
individuals to diverse pathologies
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More about CFH p.R1210C
• We iden(fied 

• 25 p.R1210C carriers in a aHUS cohort (n=1030) 

• 2 in the C3G cohort (n=187)

• 5 in the AMD cohort (n=259)

• none in a control group (n=330)

• Both affected and healthy individuals among p.R1210 carriers 

• illustrates incomplete penetrance for the 3 diseases 



Variable penetrance

Variable expressivity



Case 5: heterozygous CFH H3 risk haplotype
   homozygous CD46ggaac risk haplotype

In the Recalde’s paper all aHUS patients with the p.R1210C, they all carried at least one additional 
genetic risk factor (variant or risk haplotypes) 



Conclusions for p.R1210C: pathogenic
• Evidence Against Pathogenicity

• The variant is not ultrarare (max MAF: 
1.7×10⁻⁴).

• In silico predicCons classify it as likely benign

• Evidence Suppor6ng Pathogenicity

• Occurs at a known mutaConal hotspot

• Previously reported as pathogenic by mulCple 
independent sources

• Higher prevalence in affected individuals 
compared with controls

• FuncConal studies demonstrate deleterious 
effects on protein acCvity

• Addi$onal Considera$ons

• The variant is associated with variable 
phenotypes and incomplete penetrance

• Clinical expression and penetrance appear to 
depend on the presence of addi9onal gene9c 
or environmental risk factors



Thank you!
Any ques)ons?
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