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Complement Factor H (FH) is a soluble glycoprotein composed of 20
short consensus repeats (SCRs), each approximately 60 amino acids We identified 1,026 variants in the mid-region of A B
in length. These SCRs are organized into three functional domains: FH with a MAF < 0.1% in gnomAD. Of these, A Predicted LB B Predicted LP 0.4- 0.6
the N-terminal region (SCRs 1-4), which regulates complement 1,011 are classified as VUS, 13 as B/LB, and only
activation; the C-terminal region (SCRs 19-20), which mediates 2 as P/LP. Previous studies have proposed CADD CADD <19 CADD > 19 T 3 A
recognition of host cell surfaces; and the mid-region (SCRs 5-18), score thresholds of <19 for B/LB and >19 for P/LP 670 341 s S
which remains poorly characterized and contains numerous variants of specifically in the mid-region of FH (1). Additional Q" 5
uncertain significance (VUS). reports have suggested REVEL scores <0.29 and EM E 0.2 N
>0.64 to support B/LB and P/LP classifications,
There remains a lack of functional evidence for the mid-region of FH respectively (2). From our training set of 35 B/LB N
(SCRs 5-18), which contributes to the vast number of VUSs identified. | and 15 P/LP variants, we established DDGun3D R e ° o o O T Toa 9% se0 o0 930
Here, we integrate CADD, REVEL, and structure-based AAG | thresholds of <0.4 for B/LB and >0.6 for P/LP. Time (ns) Residue Position
(DDGun3D) to assess variant impact and guide reclassification, with . . _
molecular dynamic (MD) simulations for validation. This work identifies 10 sum, we applied the following cutoffs: WSCR16 MSCR16 W978G
likely benign and likely pathogenic variants in the mid-region of FH * B/LB: CADD<19; REVEL=0.29; AAGg4<0.4 Figure 3. Workflow for Prioritizing Variants. Panel A Figure 6. Validation with Molecular Dynamics Simulations. Examples of SCR16
with emphasis on those driving disease. « P/LP: CADD>19; REVEL>0.64; AAGE,,4>0.6 illustrates the filtering process for variants with evidence wild-type (red) and W978G (blue) were simulated in explicit solvent using the AMBER
_ _ - o supporting a B/LB reclassification. 594 of 1,011 VUSs (59%) are force field for 1 microsecond. Panel A shows the Root Mean Square Deviation (RMSD)
M eth od S These metrics yielded a p03|_t|ve pred_lct_lve value now predicted B/LB. Panel B shows the filtering of variants with over time for WT and W978G. Panel B shows the Root Mean Square Fluctuation
EEI;Y/)) ?chSE}% and a negative predictive value  qyidence supporting a P/LP reclassification. 48 of 1,011 VUSs (RMSF) for WT and W978G throughout the simulation.
1. ldentify missense variants with a minor allele frequency (MAF) O 0. (5%) are now predicted P/LP. _
<0.1% | - ' ' : ,
(gOr;lrﬁpl\rlg)?CRs 5-18 of CFH in the genome aggregation database Predicted P/LP variants COHCIUS|0|‘S
2. Classify variants using ACMG criteria as benign/likely benign We identified 48 P/LP variants: 36 are associated with the loss of Cys; the remaining 12 are shown in Table 1. From gnomAD, we identified 1,011 rare (MAF < 0.1%) missense VUSs In
(B/LB), pathogenic/likely pathogenic (P/LP) or VUS. Table 1. Non-Disulfide Variants Predicted to be P/LP the FH protein and provided evidence supporting the recla_133|f|cat|on_of 594
3. Calculate CADD and REVEL scores for each variant. ] (59%) as B/LB, and 48 (5%) as P/LP. These P/LP variants ConS|stentIy
4. Calculate the AAGg, 4 for each variant using DDGun3D. SCR Protein AAGfold  CADD REVEL disrupt disulfide bonds or alter conserved tryptophan residues. We propose
5. Use thresholds defined by REVEL, CADD, and AAG,4 values to 8 W499R 1.3 25.6 0.823 41 Pos Polar Non-Polar Aromatic two hypotheses to explain why the loss of conserved cysteine residues

: Neg.

reclassify VUSs. 8 K507 0.6 24.7 0.662 3 N T results in P/LP classification: (1) the loss of a disulfide bond may lead to

6. Validate results with molecular dynamic (MD) simulations. 9 Y534C 0.7 23.6 0.651 o | : %%iﬂ% 1 % T %%% .o . unfolding of the SCR domain and subsequent degradation of FH prior to
< 24 |8 o A £ i . 4 . _ : : : : :

11 Y657H 1.3 26.0 0.686 < %% ARER P J_’[ : %J"f o %%{_% secretion; (2) disruption of disulfide bonds generates a free cysteine

11 G667E 0.6 25.5 0.750 1- gf 7. residue which—in FH’s oxidizing extracellular environment—is likely to

gnomAD Y e rosenic ILEL , Qﬁ} ddaun 11 P682S 0.7 24.8 0.667 form aberrant pairings that distort the protein’s structure. Regarding
A““ - : 9 12 W738R 2.0 25.8 0.810 0 é < \\; ,,<'z P ‘\‘ é-\ - \\; < ‘<'> \';Aé \\; 0\'} N ‘\; ~\‘ tryptophan substitutions, we found that conserved tryptophans contribute to
12 P742S 0.6 25.2 0.713 LR AR O N Ve A hydrogen bonding within SCR domains, and we hypothesize that their
14 W858R 2.4 24.7 0.815 Figure 4. Tryptophan Substitutions. AAG.,, values were substltutl_on destabilizes _dom_a_ln arc_hlte_c_ture, p_romotlng_gnfoldlng gnd
t 16 W978G 3.1 26.2 0.795 calculated at each tryptophan site by substituting all 19 other degradation. Notably, we identified an individual with FH deficiency carrying
st pLene e Likely o 17 W1037R 2.1 24.6 0.807 amino acids. Aromatic substitutions exhibited the most benign the W978L variant (3), which has been classified as P/LP; this tryptophan
GROMACS /< Pathogenic ) 17 W1037C 1.9 25.3 0.773 effects on protein stability. substitution supports the predictive accuracy of our variant classification
o _ algorithm. In summary, we present an alternative approach to characterize
. 1. Experimental design. Variants in the CFH midregion (SCA 5MTe) Residue HOtSpOtS variants in the mid-region of FH, with the ultimate goal of improving the
igure 1. Experimental design. Variants in the mid-region s 5-18) in . e L .
gnomAD were grouped based on their ACMG classification and MAF. Folding free - CYS CYS CYS CYS dentification of P/LP variants.
energy was calculated with DDGun3D. The folding free energy vs CADD and - 25
REVEL scores were plotted for each variant. MD simulations were run on -
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