


History of genetic variant analysis

Year

Milestone

Details

2017
Rehm Genet Med

Wide Adoption & First
Refinements

Guidelines described as
"widely adopted nationally
and internationally"

2018
Tavtigian Genet Med

Bayesian Quantitative
Framework

ACMG criteria mocelled as a
Bayesian classification
framework, enabling
guantitative point-based
scoring

2019
Niehaus Genet Med

~97% Laboratory Adoption

Survey of 65 labs from 15
countries

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

2024- Ongoing Evolution ACMG/AMP/CAP/ClinGen

SVC v4.0; European ABC
system proposed as
alternative

Year Milestone Details
2000 First ACMG ACMG Laboratory Practice
Recommendations Committee publishes initial

guidance for interpreting
seqguence variations in clinical
testing

2007 Revised ACMG Guidelines 6 categories introduced

Richards Genet Med improved but still lacked
weighted, combinable
evidence criteria

2013 ACMG/AMP/CAP Multidisciplinary workgroup

Workgroup Convened of clinical lab directors and

clinicians develop a
systematic, criteria-based
framework

2015 ACMG/AMP 2015 Landmark publication

Richards Genet Med Guidelines Published 28 weighted evidence criteria
Classification system (P, LP,
VUS, LB, B)
Combining rules

2016 International Adoption 9-lab concordance study

Amendola AJHG Begins UK ACGS formally

recommends adoption for
germline variant classification




Free online resources to help you

gnomAD (Genome Aggregation Database)
HMGD (The Human Gene Mutation Database)
ClinVar (public archive of interpretations of genetic variants)

OMIM (Online Catalog of Human Genes and Genetic Disorders)
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Free online resources to help you

gnomAD (Genome Aggregation Database)
HMGD (The Human Gene Mutation Database)
ClinVar (public archive of interpretations of genetic variants)

OMIM (Online Catalog of Human Genes and Genetic Disorders)
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CFH complement factor H

P

Dataset | gnomAD v4.1.0 + gnomAD SVsv4.1.0 - |9

g n o m A D Genome build GRCh38 [ hg38

Ensembl gene ID ENSG00000000971.16
MANE Select transcript @ ENST00000367429.9 / NM_000186.4
Ensembl canonical transcript @ ENST00000367429.9

Genome Aggre on Database Other transcripts ENSTO0000630130.2, ENSTO0000359637.2, and 3 more
Region 1:196652043-196747504
gnomAD v4.1.0 | CFH s External resources Ensembl, UCSC Browser, and more
o CFHR [Cnnstrainte] [‘v’arlam co-0ccurrence 9]

CFHR3 Category Expected SNVs Observed SNVs Constraint metrics
* Download gnomAD data CFHR4 7 = -0.58
» Read gnomAD publications CFHRS Synonymous 452.5 475 ol _”}5 097-113) © 1
« Find co-occurrence of two variants Ehh : ;
» Browse tandem repeats in gnomAD - . — Z=147
+ Locate features not yet in gnomAD v4 R ofe = 0.89 (0.85 - 0.93) 0 21

pLI=1

LoF 121.1 40 o
il ofe = 0.33 (0.26 - [0Ag)

Constraint metrics based on MANE Select transcript (ENSTOO000367429.9),

scroll down!

https://gnomad.broadinstitute.org/gene/ENSG00000000971?dataset=gnomad_r4



Gene DNA
(Transcript) Change
Lol TP s o scroll down!
gnomAD variants \

Genetic Ancestry Group Frequencies @

’ gnomAD ‘ HGDP 1KG Local Ancestry

190,00, EE,b/0,UUS  I¥b,bEbU//  1¥b,bYUZY0  1¥b,/Z5UYD  TY¥b, /Z/UUb \ 19b,/34018  1Yb, /43,048, /4/,585
: : : 2 : 3 \ - ' ' Genetic Ancestry Group Allele Count Allele Number Number of Homozygotes Allele Frequency
|\ pLoF only | Missense [ Inframe indel only [ [J synonymous o\y J ( Other only | el + Remaining 1 62476 0 0.00001601
|all | @) } European (non-Finnish) 2 1179832 0 0.000001695
(7]
» African/African American 0 74888 0 0.000
@ Exomes @ SNvVs () Filtered variants € [ 313304 x] - -
@ Genomes @ Indels @ Display neighboring variants » Admixed American 0 59992 0 0.000
| Export variants to CSV | | Configure table | > Ashkenazl Jewish 0 29604 0 0.000
» East Asian 0 44858 0 0.000
m Only variants located in or within 75 base pairs of a coding exon (CDS) are s n here. To see variants in UTRs or
introns, use the region view. » European (Finnish) 0 64016 0 0.000
The table below shows the HGVS consequence and VEP annotation for eac riant’s most severe conseguence across all » Middle Eastern 0 6080 0 0.000
transcripts in this gene. Cases where the most severe consequence occpf€in a non-MANE Select transcript (or non-
canonical transcript if no MANE Select transcript exists) are denoted wfh *. To see consequences in a specific transcript, » Amish 0 908 0 0.000
use the transcript view.
» South Asian 0 91076 0 0.000
. HGVS - LoF Germline
Variant ID + Source Consequence VEP Annotation Curatien classification XX 2 812288 0 0.000002462
1-196742055-C-G B e c.3133+4C>G @ intron Conflicting classifi... XY 1 801442 0 0.000001248
1-196742055-C-A B e €.3133+4C>A ® intron Uncertain significa... P Total 3 1613730 o 0.000001859

Include: @ Exomes & Genomes

gnomAD

gnomAD v4.1.0 - About Team Federated Stats Policies Publications Blog Chang

SNV: 1-196742055-C-A(GRCh38) | coryvariantp | [ Gene page |

browser

ClinVar

ClinVar Variation ID 1380220

Exomes Genomes Total External Resources

Filters @ Pass Pass e ¢

................. 2- 1- 3 R Conditions not provided

. UCSC Germline classification Uncertain significance
1461594 162136 1613730 < il IS8 0226)
| = 0.000001368  0.000006573  0.000001859 « ClinGen Allele Registry (CA1010869834) Review status criteria provided, single submitter (1 star)
G Filtering AF
mm(asxsn}, :;Lnf?dence} - - i VAR BTLE Last evaluated October 24, 2024
Number of homozygotes 0 0 0

Feedback

Report an issue with this variant



ClinVar

Uncertain L & & not provided Labcorp Genetics (formerly
significance (Invitae Variant Classification |nvitae)' Labcorp
NM_000186.4(CFH):c.3133+4C>G (Jan 07, 2026) Sherloc (09022015)) Accession: SCV002171397.5
o First in ClinVar: Mar 28, 2022
(3 contributing to Last updated: Feb 15,2026
aggregate classification
' ; Conflicting classifications of pathogenicity
Slassifioation Uncertain significance(7); Likely benign(2)
*hkk O 9 out of 11 submissions contributed to this classification @ Comment:

This sequence change falls in intron 19 of the CFH gene. It does not directly change the encoded amino acid sequence of the CFH protein. It affects a nucleotide within
the consensus splice site. This variant is present in population databases (rs374729595, gnomAD 0.05%). This variant has not been reported in the literature in individuals
affected with CFH-related conditions. ClinVar contains an entry for this variant (Variation ID: 598661). Variants that disrupt the consensus splice site are a relatively
common cause of aberrant splicing (PMID: 17576681, 9536098). Algorithms developed to predict the effect of sequence changes on RNA splicing suggest that this variant
may disrupt the consensus splice site. In summary, the available evidence is currently insufficient to determine the role of this variant in disease. Therefore, it has been
classified as a Variant of Uncertain Significance. (less)

Conditions - Germline [/:

Condition @ Classification @ Review status @ Last evaluated @
(# of submissians) Obsewaﬁon "I
not provided Conflicting classifications of ' & & ¢ Jan7,2026 Collection method: clinical testing
pathogenicity (3) Allele origin: germline

Affected status: unknown
Age related macular Uncertain significance (1) ) & & Jan 13,2018
degeneration 4

Hemolytic uremic Likely benign (1) ' & & ¢ Jan 13,2018

q syndrome, atypical,

susceptibility to, 1

CFH-Related Dense Deposit Uncertain significance (1) & & ¢ Jan 13,2018
Disease /
Membranoproliferative Likely benign LR & & 1 Hemolytic uremic syndrome, Illumina Laboratory Services,
Glomerulonephritis Type I (Jan 13,2018) (ICSL Variant Classification Criteria atypical, susceptibility to, 1 lllumina

. 13 December 2019) Accession: SCV001253622.1
Basal laminar drusen Uncertain significance (1) Wi W Jan 13,2018 G Comrlbuung to ‘ First in ClinVar: May 31,2020

aggregate classification Last updated: May 31, 2020

not specified Uncertain significance (1) * W W Mar 21, 2024
Age related macular Uncertain significance (1) b & & 4 Jun 5,2024
degeneration 4 Comment:
Basal laminar drusen This variant was observed in the ICSL laboratory as part of a predisposition screen in an ostensibly healthy population. It had not been previously curated by ICSL or
Factor H deficiency reported in the Human Gene Mutation Database (HGMD: prior to June 1st, 2018), and was therefore a candidate for classification through an automated scoring system.
Hemolytic uremic Utilizing variant allele frequency, disease prevalence and penetrance estimates, and inheritance mode, an automated score was calculated to assess if this variant is too
syndrome, atypical, frequent to cause the disease. Based on the score and internal cut-off values, a variant classified as likely benign is not then subjected to further curation. The score for
susceptibility to, 1 this variant resulted in a classification of likely benign for this disease. (less)
CFH-related disorder Likely benign (1) 2 & & Jul 24,2019 Observation 1
Optic atrophy Uncertain significance (1) ' & & & Jan 1,2022 Collection method: clinical testing

Allele origin: germline
Affected status: unknown




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

Relevant references

age - Noris et al. (2014) Dynamics of complement activation in
HMEC Deposition Normal aHUS and how to monitor eculizumab therapy. Blood
C5b-9 values - Galbusera et al. (2019) An Ex Vivo Test of Complement
Activation on Endothelium for Individualized Eculizumab

Resﬂng (ADP) 119% Therapy in Hemolytic Uremic Syndrome. AJKD
_ <] 50% - Martin et al. (2024) Ex vivo C5b-9 Deposition Test to Monitor
Activate 160% Complement Activity in Clinical and Subclinical aHUS and in

TA-TMA Kidney Int Rep

? 4risk of TMA



Evaluating the potential impact of a splice site variant

20 bases |

| 196,742,040| 196,742,045 196,742,050 196,742,055 1¢
WT A G GCC CAACATG GT CAGAGGTACGCTTT

NCBI| RefSeq genes. curated subset (NM _*. NR *. NP _* or YP ) Annotatlon Release NI

P 1041 T 1042 C 1043 | D S
+1 +2 +3 +4
20 bases |

| 196,742,040| 196,742,045 196,742,050 196,742,055 1¢
variant A G G C C A A C A T G CAGAGGTAGTTT
NCBI| RefSeq genes. curated subset (NM _*. NR *. NP _* or YP_*) - Annotation Release N

P 1041 T 1042 C 1043 e

Canonical donor splice site c.3133+4G>C

' Splice donor site ‘
|
> Exon +1 +2 +3 +4 In Silico Predictors From gnomAD

| |
||I « @ CADD: 0.407
i e, @ SpliceAl: 0.00 . . .
= !, ' #- @ Pangolin: 0.0100 I SpIICInq predICtors
am « ® phyloP: -0.640
G « m The SpliceAl and Pangolin predictions displayed here were
-

Gg precomputed by lllumina and Invitae. For more detailed and up to date
— e €S « browser.

SpliceAl and Pangolin predictions, please visit our SpliceAl Lookup
Exon ' Intron

4 Oy 3 Genomnis

Human Splicing Finder Pro

The

da ional version of the HSF system, which is available to all users. If you

use HSF Pro for academic research only, you can benefit from free access (limited to standard annual use of the
system), otherwise for public or private diagnostic activities and private research, you need to purchase a license.
The bicensing model is based on Software as a Service (SaaS), also known as software on demand, hosted software

or web-based software. Pricing is based on a pay-per-use model and a
formation on prices, please contact us,
predictions for a handful of mutations can use our e-commerce options to buy credits fora

analysis. For mare inl
Users wishing to obtain

few analyses. This option is also useful for evaluating the new system.

Mutation

1196742055 ENSTO0000367429.9:c.3133¢

C/G

The professional version of the HSF system gives you access to a whole new world:

HUMAN®

cost per patient depending on the type of

Il REGISTER )

i you are aiready registered for MSF Pra, you do not need fo create.

ac * New ESE/ESS predictions * Analysis of large VCF files

4

HGVS

+4C>G

Predict Impact

L1

@ new acoount for UMD-Predictor Pro or ExoSplice, and comvorsely.

New Donor splice site : Activation of a cryptic Donor site. Potential alteration
of splicing (HSF)

New Donor

splice site
Position

Score

Reference
Delta

Sequence

Reference

chrl:196742052

39.92 Score
Mutation

67.99%

GTACTTTGG Sequence
Mutation

67.06

GTAGTTTGG

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



Case 2 - Conclusions

e ¢.3133+4C>G is at most a VUS

e probably a benign variant

Noris & Lemaire, 2026
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Case 3
IC-MPGN

heterozygous C3 missense variant

by Coccia et al.



Case 3

e 2vy:SSNS, no relapses, normal complement
e 9 y: proteinuria (2 g/day) + hematuria
e §C3, normal C4, C3Nef: negative

 ANA low-titer +ve, anti-dsDNA neg; viral
serologies neg

e Kidney biopsy: MPGN pattern

e |F: deposits in mesangium and capillary walls,
IgA (2+/4), IgG, IgM, and C1q (1+/4), with
dominant C3 deposition (4+/4)

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

e Diagnosis: primary IC-MPGN




Case 3

e Treatment: steroids 12 mo + MMF 3y + enalaprill

e Response: normalization of C3 and proteinuria at 6 months

e Current status: no proteinuria, on no treatment

e Genetics: heterozygous C3 variant c.3106A>G; p.Lys1036Glu
e Report: VUS

Noris & Lemaire, 2026 34



gnomAD browser gnomAD v4.1.0 - About Team Federated Stats Policies Publications Blog

In Silico Predictors

SNV: 19'6694479'T'C(GRCh38) | Copy variant ID | | Gene page e ® CADD: 235 supports potential impaci
e @ REVEL: 0.152 benign
Exomes Genomes Total External Resources .
Fiters @ [ Pass | * ® SpliceAl: 0.00 leiSifect
« dbSNP (rs1918256889)
Allele Count 1 1 2 s e e @ Pangolin: -0.0100 no effect
Allele Number 1461850 152118 ik « Clinvar (2072935) e ® phyloP: 6.26 strong conservation
Aele Frequency 68417 0000006574 0.000001230 « ClinGen Allele Registry (CA403628587) T
Grpmax Filtering AF @ _ _ ket e @ PolyPhen (max): 0.481 Possibly damaging
(95% confidence)
Number of homozygotes 0 0 0 Feedback

Report an issue with this variant

Key point

Genetic Ancestry Group Frequencies @

Geristic Ancaatiy M onp Allele Count Allele Number Number of Homozygotes Allele Frequency glyn:eg ;:I?IGO? ?l?nacl'l-:ll l(-)ll'sl ggevcaarli.‘asrﬁd
» Admixed American 1 60000 0 0.00001667 e ’
¢ European (non-Finnish) 1 1180000 0 8.475e-7 predICtlon alqorlthms are nOt
v African/African American 0 74890 0 0.000 h el pfu I at al I
» Ashkenazi Jewish 0 29604 0 0.000
i g saz0e o oo They are optimize to predict loss-
¥ Eump-ean{Finnish} ] 64012 0 0.000 Of_fu nction phenotypes!
» Middle Eastern 0 6082 0 0.000
+ Amish 0 908 0 0.000
» South Asian 0 91088 0 0.000
» Remaining 0 62486 0 0.000 F requency. Rare
XX 1 812440 0 0.000001231
= ’ o il Prediction: not helpful!
I Total 2 1613968 0 0.000001239 I

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



Clinvar Home  About -~ Understand the Data ~ Access the Data ~ Submit Data ~ SearchQ

Comment:

NM_000064.4(C3):c.3106A>G (p.Lys1036Glu) Cite Follow Print
% Classification Uncertain significance
5 ' & & &) This classification is based on the single submission received @
o
Submissions - Germline |/ |
Classification @ Review status @ Condition @ Submitter ©
(Last evaluated) (Assertion criteria)
Uncertain ) & B 1 not provided Labcorp Genetics (formerly
signiﬁcance (Invitae Variant Classﬂlcat:on Invitae), Labcmp
(Sep 17,2022) Sherloc (09022015)) Accession: SCV003285710.3
- First in ClinVar: Feb 07, 2023
3 contributing to Last updated: Feb 25, 2025

aggregate classification

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

- 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

v - - :l - 55 ¢ :
., o m— N e .



Case 4
Atypical HUS

heterozygous CFl missense variant

by Borovitz et al.



Case 4

e Clinical presentation  Working diagnosis

e Previously healthy 17-y F with many days of e atypical HUS

malaise and extreme weakness, no diarrhea
e Treatments

e Received IVF infusions x2 before labs done ,
 blood transfusion.

* |nvestigations . :
e eculizumab, later ravulizumab

 severe anemia (Hb 6.1 g/dL) Outcomes

e thrombocytopenia (31,000/puL _ -
yrop ( HL) e hematologic improvement within days

e AKI(Cr 7.5 mg/dL; urea 150 mg/dL).
e gradual renal recovery

e ADAMTS13 normal; other serologies

e no dialysis required.
unremarkable Y q

e no anti-E. coli or anti-CFH antibodies



Case 4

e Genetics: heterozygous CFl variant, c.719C>G; p.Ala240Gly
e Rare in population databases (gnomAD)*
e Predicted to be damaging by REVEL (0.73)*
e ClinVar: benign, likely benign, VUS (no clinical context)

o Carrier testing: healthy mother is heterozygous

 Conclusion: VUS, leaning toward likely benign



Key point #1

SNV: 4-109760576-G-C(GRCh38) | cors arani & | [ Gors e The allele frequency must "make
e (AR @ sense"” vs. expected disease frequency
Ewomes Genomes Tokal External Resources .
jmot OB @& - Not rare at all: ~1% of Ashkenazi
Alsletumber CaSedd I e i e Jews are carriers (172/15000 subjects)
Allsde Frequency 00001636 C.0CaZ103 C.ODOESE PR AR Paiain (ABLER0R
P ey ODOMBET  GOCOGIBAE  COOQNEAZ0 - alofus ' ]
Mombst sthonozyastes : 1 Feedback - One homozygous subject
Genetic Ancestry Group Aliele Count Allgle Number Number of Homozygotes Allele Frequency
v Ashkenazi Jewish 172 29576 1 0.005816
# Femaining 26 G23gd i 0.0004168 -
¥ Eurcpean {(non-Finnish) 74 17640 0 0.00006284 Kev DOInt #2
» AfricanfAfrican American i) F4830 i 0.000
e - o — Don’'t be fooled by a low overall
» East Asian o 44848 0 0.000 minor allele frequency
-.Eurﬂﬁmn {Finnizh) i BADIE 0 0,000
» Middie Eastor 0 6082 0 0000 If it is too high in one ancestry
2 At Y - oy group, then it is no bueno
¢ South Askan o 41018 i Q.000
;::a: 146 B10918 1 0.0001800
Ky 126 BOO3B0D 0 0.0001574
| Tatal 272 1611288 1 0.0001688 I

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




Framework to determine if a variant is too
common for a given disease’

 Main factors to take into account * For CFl p.Ala240Gly

e disease prevalence e Estimated prevalence for all forms of

aHUS is ~2-10 per million pop'n
 genetic and allelic heterogeneity P POp

: : e Thus lower than that for CFl-aHUS
e inheritance mode

e Having 1% of Ahkenazi Jews being carrier

* penetrance and expressivity is far too high to be pathogenic

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

LWhiffin, N. et al. (2017) Genet Med.



ClinVar

NM_000204.5(CFl):c.719C>G (p.Ala240Gly)

Classification

*hk @

Conditions - Germline [X]

Conflicting classifications of pathogenicity
Likely pathogenic(1); Uncertain significance(2); Benign(1); Likely benign(1)

5 out of 5 submissions contributed to this classification &

Condition @

Classification @
(# of submissions)

Review status @

Last evaluated @

Atypical hemolytic-
uremic syndrome with
| factor anomaly

Benign (1)

L & & {

Apr 27,2017

not provided

Conflicting classifications
of pathogenicity (2)

L & & {

Jul 30,2025

Age related macular
degeneration 13
Atypical hemolytic-
uremic syndrome with
| factor anomaly
Factor | deficiency

Uncertain significance (1)

L & &

Jun 3, 2024

CFl-related disorder

Likely pathogenic (1)

L 8 8 {

Sep 26, 2025

Key point:

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

Submissions - Germline IEI

Classification @ Review status © Condition @ Submitter @
(Last evaluated) (Assertion criteria)
Benign ' & & Atypical hemolytic-uremic lllumina Laboratory
(Apr 27,2017) (ICSL Variant Classification syndrome with | factor Services, lllumina
Criteria 13 December 2019) anomaly Accession:
[+l Contributing SCV001312204.1
to aggregate Firstin ClinVar: May 31,
2020

classification Last updated: May 31, 2020

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.

Genomenon, Inc,
Genomenon, Inc

* kW CFl-related disorder
(Genomenon Sequence

Likely pathogenic
(Sep 26, 2025)

No data about

Variant Interpretation Accession:
g Contributing Standards - Updated) SCVD06558144.1 a"ele frequencv
to regate First in ClinVar: Oct 18, H 1

classification Last updated: Oct 18, 2025

Comments:

- CFl 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 CF/-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




Human Molecular Genetics, 2020, Vol. 29, No. 14 2313-2324
BLOOD, 15 AUGUST 2006 » VOLUME 108, NUMBER 4 GENERAL ARTICLE
Genetics of HUS: the impact of MCP, CFH, and IF mutations on clinical Effect of rare coding variants in the CFI gene
presentahon, response to treatment, and outcome on Factor I expr essi on 1 eve]. s
Jessica Caprioli, Marina Noris, Simona Brioschi, Gaia Pianetti, Federica Castelletti, Paola Bettinaglio, Caterina Mele, Elena Bresin, 1 s 234 : 1 : 5
Linda Cassis, Sara Gamba, Francesca Porrati, Sara Bucchioni, Giuseppe Monteferrante, Celia J. Fang, M. K. Liszewski, David Kavanagh, Sarah de Jong » Elena B. Volokhina<->: , Anita de Breuk , Sara C. Nilsson 3
John P. Atkinson, and Giuseppe Remuzzi, for the International Registry of Recurrent and Familial HUS/TTP Eiko K. de Jongl, Nicole C.A. J' van der Kar2’3, Bj om B akkerl, Carel B. Hoyngl,
Lambert P. van den Heuvel?#4, Anna M. Blom>'T and
Table 4. IF gene mutations in non-Stx-HUS patients from our registry Anneke I. den Hollander!*
Exon/intron, IF serum His40Arg
subject/family code Mutation Effect Subgroups Inheritance levels, %* Cvs43Phe lle340Thr  Argd06Cys TrpdS6leu  Asp524V:
ExV &§p44.&sn Gly342Glu  Argd06His  Tyr459Ser Met532Val
2 Pro50Ala Gln Tyrd411* GInd62His  Asn536Lys
S211 117 719C > G A240G Sporadic Heterozygote 98 oy Gly349Arg Val$12Met Cysd67Arg  TrpSal®
1 Cys54* GIn217His Val355Met  lledl6leu Argd74* Gly542Ser
3 3 3 lle55Phe Ser221Tyr Ala356Pro  His418leu Argd74GIn  Val543Ala
No discussion... assumed to be pathogenic back then Lies e e S e O e R
Asn70Thr Cys229Arg Ala258Thr Gly362Ala  Asp429Glu  Gly487Cys  Glu548GIn
Thr72Ser Val230Met Gly261Ser Tyr3695er Alad431Thr  lle492Leu Pro553Ser

PheSéSer Val230Glu Gly261Asp Trp374Cys Val  Gly500Arg  GluS54val
Pro83Gin —— Ala240Gly Gly263Vval Arg389His  1le433Thr  Arg502Cys Ser570Thr
. Ser90Asn Cys247Gly Lys267Asn Trp399Arg Lysd441Arg Gly512Ser  le578Thr
Fl levels in Fl levels in Phe13Val Cys106Arg Gly248Glu  Gly280Asp Prod02Ser Argd48Cys Asp519 GIn580*
supernatant lysates Val20ile Thr107Ala Asp249Glu  Gly287Arg Aspd03Asn  Alad52Ser
(secreted) (whole cell) | | | |
A B FIMAC |— CD5 LDLr1l H LDLr2 Serine Protease — C
GlulD9Ala Met138lle Vall84Met Glu290Asp Arg317Trp
Conclusion: p.Ala240Gly results in [GI 1 1 BA Ams ; AArgllgt_i_E; éllaasgg{hr Arg317GIn AMD
H H : y rg Asn er Arg n u ys Cys327Arg
reduced expression of Fl in vitro Gly125Arg Val152Met Gly188Ala Glu305* Gly328Arg
Val127Ala Gly162Asp Phel98Leu lle306Val Arg339* aHU S/C?)G
Val129Gly Aspl64Val Arg202ile le3065er Arg339Gin
Leul31Arg Asnl77lle Thr203lle Asp310Glu bOth
Met138Val His183Arg Tyr206Asn

Figure 1. Distribution of rare missense or truncating variants in CFI included in this study. The listed variants were found in AMD (green), aHUS/C3G (yellow) or both
in AMD and aHUS/C3G (red). Variant selection was based on (14, 16). Details of the shown variants are summarized in Supplementary Material, Table 51.

mock
WT

Ala240G1y =Jooees




TYPE Original Research
PUBLISHED 22 August 2024

Frontiers in Immunology
po!10.3389/fimmu.2024.1446081

Functional evaluation of rare
variants in complement factor |
using a minigene assay

Cobey J. H. Donelson, Nicolo Ghiringhelli Borsa,
Amanda O. Taylor, Richard J. H. Smith* and Yuzhou Zhang*

The regulatory serine protease, complement factor | (Fl), in conjunction with one
of its cofactors (FH, C4BP, MCP, or CR1), plays an essential role in controlling
complement activity through inactivation of C3b and C4b. The functional impact
by missense variants in the CFl gene, particularly those with minor allele
frequencies of 0.01% to 0.1%, is infrequently studied. As such, these variants
are typically classified as variants of uncertain significance (VUS) when they are
identified by clinical testing. Herein, we utilized a minigene splicing assay to
assess the functional impact of 36 ultra-rare variants of CFl. These variants were
selected based on their minor allele frequencies (MAF) and their association with
low-normal Fl levels. Four variants lead to aberrant splicing—one 5 consensus

TABLE 2 Variant in-silico prediction and Fl expression.

Number of Pts

+
MAF in Cohort

Variant Protein

Average Fl expression
(mg/L)

p-Ala240Gly

Low FI

Borderline Low

c.153G>T
c.170G>A
c.191C>T
c.205A>G

c.227C>G

c.355G>A
c.1217G=A

c.1246A>C
c.1253A>T
c.1283A>G
c.1342C>T
c.1354G>C
c.1429G>C

c.148C>G
c.1429+1G>C*

c.530A>T

c.550G>A

c.719C>GC ¢

c.772G>A
c.1216C>T

c.146A>T
c.628G>A
€.949C>T

50G>A

c.142T>C
c.570G>T
c.803C>T
c.806G>T
c.859G>A
¢.1006C>G
c.1111G=>A
c.1112G>T
c.1150G>A
c.1189G>T
— —— C.1190T>A

c.472G>A
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Reference range for CFl: 18-44 mg/L
Definition of "low CFI" <25 mg/L
So p.Ala240Gly is "low-normal”

Human
Splice

Observed

i *
SpliceAl Effect

c.719C>A

Finder

p.Ala240Gly 0.02% & 20.7 (-0.07) ESE/ESS (-11) No Effect Gr—
Genetic Ancestry Group Aliele Count Allele Number Number of Homozygotes Allele Frequency 0.5% is far from
» Ashkenazi Jewish 172 20576 1 0.005816 being ultra-rare
Total 272 1611298 1 0.0001688




Case 4

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

 Functional data is not very convincing

 Key point: beautiful experimental data never trumps weak
genetics
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Case 5
Atypical HUS

heterozygous CFH missense variant
(hotspot)

Bergamo



Case 5

e 65-y patient hospitalized for:
e Acute kidney injury (creatinine 3.5 mg/dL)
e Low platelets 82,000
e |DH 3631 U/L, haptoglobin <30, schistocvtes 1.4%
e Hyperbilirubinemia
e Other data:
e C3/C495/22 mg/dL
* Blood pressure 172/115 mmHg

Noris & Lemaire, 2026
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Case 5

 Treatments:
e HD
e Antihypertensive treatment
e Eculizumab

e Genetics: heterozygous p.R1210C variant in CFH

Noris & Lemaire, 2026
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Free online resources to help you

HMGD (The Human Gene Mutation Database)
gnomAD (Genome Aggregation Database)
ClinVar (public archive of interpretations of genetic variants)

OMIM (Online Catalog of Human Genes and Genetic Disorders)

oris & Lemaire, 2026
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The Human Gene Mutation Database
at the Institute of Medical Genetics in Cardiff

NM_000186.4 Gene symbol: CFH

atabase: Missense/nonsense - Single base-pair substitutions in coding regions are presented in terms of a triplet change with an additional flanking base included if the mutated base lies in esther the first or third position in the triple
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Free online resources to help you

e HMGD (The Human Gene Mutation Database)
 gnomAD (Genome Aggregation Database)
e ClinVar (public archive of interpretations of genetic variants)

e OMIM (Online Catalog of Human Genes and Genetic Disorders)

Noris & Lemaire, 2026
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SNV: 1-196747245-C-T(GRCh38) | copyvanantio | | Gene page | Dataset | gnomADv410 ~ |@

Exomes Genomes  Total External Resources
Fiters. . 3 = Discrepant frequencies)
oo e « dbSNP (rs121913059)
Allele Number 1461694 152178 1613872 i

ClinVar (16558
Allsle Frequency 00001327 00001774  0.0001369 it sty -

» ClinGen Allele Registry (CA128563)
Grpmax Filtering AF @

(95% confidence) 20001382 00002428 00001202 * All of Us missense non coding transcript exon
Number of homozygotes 0 0 0 Feedback 1.CFH 1.CFH
1. ENST00000367429.9 1. ENST00000466229.5
Report an issue with this variant i
MANE Select transcript for CFH HGVSc n.6726C>T

Genetic Ancestry Group Frequencies @ HGVSp: p.Arg1210Cys

P HGVSc ¢.3628C>T
| gnomAD | HGDP | 1KG  Local Ancestry Domains: PFO0084 (Pfam), and 23 more

Genetic Ancestry Group Allele Count Allele Number Number of Homozygotes Allele Freguency ¥

e==  European (non-Finnish) 200 1179908 0 0.0001695

» Remaining 10 62472 0 0.0001601 In Silico Predictors

» Admixed American 6 59998 0 0.0001000 « ® CADD: 0.181 Benign

» African/African American 3 74916 0 0.00004004 « ® REVEL 0.280 Benign

» European (Finnish) 1 64028 0 0.00001562 « @ SpliceAl: 0.00 No effect

» South Asian 1 91080 0 0.00001098 « @ Pangolin: 0.0300 No effect

» Ashkenazi Jewish 0 29598 0 0.000 « @ phyloP: -4.47 Low conservation

» East Asian 0 44880 0 0.000 * @ PolyPhen (max): 0.280 Likely Benign

» Middle Eastern 0 6080 0 0.000 The SpliceAl and Pangolin predictions displayed here were precomputed by lllumina
» Amish 0 912 0 0.000 and Invitae. For more detailed and up to date SpliceAl and Pangolin predictions, please visit

our SpliceAl Lookup browser.
XX 106 812366 0 0.0001305
XY 115 801506 0 0.0001435

e=P Total 221 1613872 0 0.0001369



Free online resources to help you

HMGD (The Human Gene Mutation Database)
gnomAD (Genome Aggregation Database)
ClinVar (public archive of interpretations of genetic variants)

OMIM (Online Catalog of Human Genes and Genetic Disorders)
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m National Library of Medicine

National Center for Biotechnology Information

ClinVar Home About v Understand the Data v Access the Data v Submit Data v SearchQ

NM_000186.4(CFH):c.3628C>T (p.Arg1210Cys)

Classification Conflicting classifications of pathogenicity

Ah% © Pathogenic(6); Uncertain significance(3) ()

9 out of 14 submissions contributed to this classification @
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=
E
@
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Conditions - Germline |QJ

Condition © Classification @ Review status @ Last evaluated © Variation/condition record @
(# of submissions)

Factor H deficiency Pathogenic (1) ' & & & Jul 1,2015 RCV000018025.29

Hemolytic uremic syndrome, risk factor (2) '\ & & & Jul 1,2015 RCV000018026.16

atypical, susceptibility to, 1

Age related macular Pathogenic (2) *h % Aug 9, 2018 RCV000022540.12

degeneration 4

CFH-Related Dense Deposit Uncertain significance (1) ' & & ¢ Jun 16, 2017 RCV001099303.4

Disease /

Membranoproliferative
Glomerulonephritis Type I

Basal laminar drusen Uncertain significance (1) *h N Jun 16, 2017 RCV001099304.4

extremely heterogeneous phenotype




More about CFH p.R1210C

 Unusual variant = generates covalent complexes between FH
and human serum albumin

e Formation of FH-HSA complexes impairs accessibility to all FH
functional domains

e These data suggest that p.R1210C is a unique C-terminal CFH
variant that behaves as a partial FH deficiency, predisposing
individuals to diverse pathologies

Noris & Lemaire, 2026 55



More about CFH p.R1210C

 We identified
e 25p.R1210C carriers in a aHUS cohort (n=1030)
e 2inthe C3G cohort (n=187)
e 5in the AMD cohort (h=259)
e none in a control group (n=330)
e Both affected and healthy individuals among p.R1210 carriers

e jllustrates incomplete penetrance for the 3 diseases
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Variable penetrance
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Variable expressivity




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)

Case 5: heterozygous CFH H3 risk haplotype
homozygous CD46__ risk haplotype



Conclusions for p.R1210C: pathogenic

* Evidence Against Pathogenicity

e The variant is not ultrarare (max MAF:

1.7x107%).

In silico predictions classify it as likely benign

* Evidence Supporting Pathogenicity

Occurs at a known mutational hotspot

Previously reported as pathogenic by multiple
independent sources

Higher prevalence in affected individuals
compared with controls

Functional studies demonstrate deleterious
effects on protein activity

e Additional Considerations

e The variant is associated with variable
phenotypes and incomplete penetrance

e Clinical expression and penetrance appear to
depend on the presence of additional genetic
or environmental risk factors



Thank you!

Any questions?
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