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Abstract:  200 words maximum	Comment by Editor/Reviewer: Word count of the Abstract is now 190. 
[bookmark: _Hlk95748195][bookmark: _Hlk95748396][bookmark: _Hlk95748433][bookmark: _Hlk95748350]Primary hypercholesterolemia is characterized by elevated LDL-cholesterol (LDL-C) levels . The disease is isolated into autosomal dominant hypercholesterolemia (ADH) or associated with elevated triglyceridestriglyceride levels in familial combined hyperlipidemia (FCHL). Rare APOE variants wereare reported in ADH and FCHL. We explored the APOE molecular spectrum in a French ADH/FCHL cohort of 5,743 unrelated probands. The sequences of LDLR, PCSK9, APOB, and APOE genes sequencing revealed 76 carriers of a rare APOE variant, without awith no mutation in the first three genes.LDLR, PCSK9, or APOB. Among the 31 variants 5 were described in ADH/FCHL , five (p.Leu167del, p.Leu46Pro, p.Arg163Cys, p.Arg269Gly, p.Gly145Asp).) are described in the ADH/FCHL cohort. Twelve novel missense, five synonymous, two intronic, and seven variants in regulatory regions were identified. Sixteen variants were predicted as pathogenic or likely pathogenic, and their carriers had a significantly lower polygenic risk scorescores (wPRS) than carriers of predicted benign (B) variants. We did not observe anyobserved no correlation between the LDL-C levels and the polygenic risk score which is in favor ofwPRC suggesting a major effect forof APOE variants. TheCarriers of p.Leu167del carriers were associated with a more severe phenotype and our. Our data suggestalso suggests that carriers of this APOE variant carriers are variation respond better responders to statins than carriers of a LDLR mutation. Altogether, we show that the APOE variants account for a significant part of ADH and FCHL.	Comment by Editor/Reviewer: 1. are known?  
2. Also, if the intent is to convey previously published results, I suggest writing in present tense. This will help readers to distinguish the findings for this study from those of previous studies. 	Comment by Editor/Reviewer: 1. 31 variants in APOE? 	Comment by Editor/Reviewer: Predicted pathogenic and likely pathogenic seem redundant.	Comment by Editor/Reviewer: “carriers of a known LDLR mutation”? Sequencing revealed no mutation in this gene, so is it a previously published variant in LDLR? The word known will help distinguish this as a previously reported LDLR mutation. 	Comment by Editor/Reviewer: “significant contribution to ADH and FCHL” or “significant proportion”?
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1. Introduction
Autosomal Dominant Hypercholesterolemiadominant hypercholesterolemia (ADH) is a major cause of premature atherosclerosis with a risk factor 13 times highergreater than all other coronary heart diseasediseases (CHD) risk factors [1]. ADH is characterized by a selective increase in circulating low -density lipoproteins (LDL) due to reduced catabolism [2]. This highincreased level of LDL-cholesterol (LDL-C) in plasma sinceat birth gives rise to tendon and skin xanthomas, arcus cornea, and vascular deposits leading to premature CHD and death [3]. ADH is one of the most frequent monogenic diseasediseases with a prevalence of 1one in 313 according to a recent meta-analysis [4]. The main ADH -related genes are LDLR encoding the LDL receptor, APOB encoding the (LDLR), apolipoprotein B, the LDL protein ligand of (APOB) which is the LDL receptor, PCSK9 encoding the protein-ligand, and proprotein convertase subtilisin/kexin type 9 (PCSK9) which enhances the intracellular degradation of the LDL receptor [5]. The respective contribution of eachcontributions of these 3three ADH-genes in 2,054 [6] French ADH patients isare: LDLR 52%, APOB 3%, PCSK9 1%, andwhereas the remaining 44% of the probands remains withhad no associated ADH-mutation identified. And a. A polygenic origin may beis suggested in 36% of the nonmutatednon-mutated patients [6,7]. These observations give evidence for the existence of a greater level of genetic heterogeneity in ADH and the involvement of yet unknown genes[8]. In search of these new ADH-related genes, a large ADH-affected French family with ADH associated with the APOE p.Leu167del mutation in APOE gene was described, revealing APOE asrevealed it to be the fourth ADH-related gene [9]. The study of 229 French ADH patients showed that 1.3% of likely pathogenic APOE variants indicating that the APOE gene significantly contributes to ADH [10]. Most ADH patients are treated with high-dose statins with an established efficiency for heterozygous carriers of mutations in LDLR, APOB, and PCSK9 mutations [11]. AndIn these cases, APOE p.Leu167del carriers arerespond better responders to statins (with or without ezetimibe) than ADH subjects with a LDLR mutation [12].	Comment by Editor/Reviewer: As noted as a general suggestion, higher refers to height. Greater or increased refers to more. 	Comment by Editor/Reviewer: Intent preserved?	Comment by Editor/Reviewer: Is intent preserved? 	Comment by Editor/Reviewer: “may be suggested” seems redundant. I suggest either “may be 36%” or “is suggested in 36%”.  	Comment by Editor/Reviewer: provide?	Comment by Editor/Reviewer: Good usage!	Comment by Editor/Reviewer: I suggest that “yet unknown” seems redundant. 	Comment by Editor/Reviewer: Intent preserved? 	Comment by Editor/Reviewer: Do you mean, efficacy?
Familial combined hyperlipidemia (FCHL) is a common disorder of lipid metabolism whichthat leads to elevated levels of very low-density lipoprotein (VLDL, ), low-density lipoprotein (LDL, ) or both in the plasma, leading to a mixed hyperlipidemia with both highincreased total- cholesterol and triglyceridestriglyceride levels. FCHL occurs in up to 1- to 3% of the general population and may account for one -third to one -half of familial causes of early CHD [13]. The phenotype of FCHL is highly variable among family members, depending on genetic and environmental factors, and may presentspresent itself as mixed hyperlipidemia, isolated hypercholesterolemia,, and hypertriglyceridemia, or. The phenotype may also present itself as a normal serum lipid profile in combination with abnormally elevated levels of ApoB. FCHL is genetically complex with reduced penetrance. Most cases of FCHL are considered polygenic [13], and several genes are described in FCHL [14]. LDLR gene mutations are reported in 19.6% of FCHL patients [15]. Some of these mutations are identified as causal to ADH-causes indicating that ADH patients with hypertriglyceridemia may be misdiagnosed with FCHL [15]. Thus, there is a phenotypic and genetic overlap between ADH and FCHL. Variants in APOE gene are also reported in FCHL and are responsible for 3.5% of FCHL cases in a Spanish population, out of which 1.4% are carriers of the APOE p.Leu167del variant [16].	Comment by Editor/Reviewer: very low-density liprotein (VLDL), low-density lipoprotein (LDL)?	Comment by Editor/Reviewer: This seems a bit confusing. I suggest that it occurs at a maximum of three percent of the population. How can it occur up to one to three percent? Is this due to statistical uncertainty in the cited publication?	Comment by Editor/Reviewer: Citation here? 
Apolipoprotein E (apoE) is a major apolipoprotein, that is synthesized primarily in the liver, that and controls lipoprotein metabolism. The APOE gene (NM_000041.4),) is composed of four exons, and encodes the 317 amino acid of the apoE precursor which mature inthat matures to a 299 amino acid protein with a molecular mass of 34 kDa. ApoE is a component of chylomicrons, VLDL, theirthe triglycerides rich remnants of chylomicrons and VLDL, and high-density lipoprotein (HDL. ApoE). It is also a co-factor for the lipoprotein lipase responsible for the triglyceridestriglyceride hydrolysis in VLDL, driving which drives the formation of IDL and LDL. ApoE is also present on athe IDL and LDL subset of lipoprotein(a), IDL and LDL) [17]. ApoE, and it is a key factor in the lipoproteinsregulation of lipoprotein clearance regulation through its binding to cell-surface receptors, including the. These include LDL receptor family members such as the LDL receptor, the VLDL receptor, and the Low-Density Lipoprotein Related ProteinLDL-related protein 1 (LRP1). ItApoE also binds to cell -surface heparan sulfate proteoglycans (HSPGs) [18]. An alteration of either the structure or the function of apoE could have an impact on the metabolism and clearance of triglyceride-rich lipoproteins and plasma lipid levelslipids [17,18]. 	Comment by Editor/Reviewer: Is the intent preserved? 	Comment by Editor/Reviewer: Intent preserved?	Comment by Editor/Reviewer: LDLR?	Comment by Editor/Reviewer: LDLR? Is this referring to a specific LDL receptor which would be written as LDLR.  
Although LDL carry very carries few apoE, their  proteins, the concentration and size of LDL are influenced by apoEthe common apoE isoforms (E2, E3, and E4) which differ in within the mature protein at amino acid sequence at positions 112 and 158 in the mature protein.. ApoE3, is considered the normal isoform, and contains a cysteine residue at position 112 and an arginine residue at 158. ApoE2 with a cysteine residue at both positions is defective in LDL receptor binding, and is associated with the recessive form of type III hyperlipoproteinemia [19]. ApoE4 withhas an arginine residue at both positions 112 and 158 and is associated with higherincreased levels of plasma LDL cholesterol-C [20]. Polymorphisms in APOE polymorphisms associateare associated with LDL levels in genome -wide association studies [21] and are included in the wPRS calculation [7]. Variants that give rise to the apoE isoforms are APOE4 rs429358, p.Cys130Arg (E4), and APOE2 rs7412, p.Arg176Cys (E2).. According to the frequencies given by the Genome Aggregation Database (GnomAd), with the sequencing of about 100 ,000 subjects from various disease-specific and population genetic studies, the results in an APOE4 rs429358 allele frequency isof 14.25% and thean APOE2 rs7412 allele frequency isof 6.542% in the total GnomAd population. Thus, the approximate prevalence for the APOE isoforms E2/4, E3/3, E3/4, and E4/4 are 0.9, 75.9, 14.3, and 2.0%, respectively. 	Comment by Editor/Reviewer: I suggest a new paragraph here as it i focused more specifically on APOE mutations. 	Comment by Editor/Reviewer: To simplify the text I suggest starting the mutation names with the gene name here and elsewhere in the text. Is this acceptable in the field and is the intent preserved? This may reduce potential confusion in terms of connecting genes with specific variants in the minds of readers. 	Comment by Editor/Reviewer: If I understand correctly these subjects are from a sample of the entire population. Thus, I suggest “100,000 subjects sampled from”. This may clarify that the entire GnomAd population is more than this number. 	Comment by Editor/Reviewer: 1. For general readers, can you please define E2/4 for example? Does this refer to specific APOE2 variant? Or does this refer to polygenic variants in genes such as APOE2 and APOE4?  
2. “Thus”: It does not seem clear how these percentages follow from the preceding sentence. 
Beyond the common APOE polymorphismpolymorphisms, rare APOE variants are also associated with different lipid pathologies including ADH and FCHL. Therefore, we aimed in this study to explore the molecular spectrum of APOE variants in athe French ADH/FCHL cohort.	Comment by Editor/Reviewer: Is intent preserved? The aim expressed is to look for rare variants beyond the more common known variants in APOE. Is this correct? 	Comment by Editor/Reviewer: Overall this is a nicely constructed and compact Intro.
2. Results
In this study, amongAmong 5,743 probands diagnosed with primary dyslipidemia (58% ADH and 42% FCHL)), we identified a total of 76 carriers of a rare APOE variant (53% women, 48±15 years old, LDL-MoM = 1.91±0.56, TG-MoM = 2.10±1.65) without deleterious or probably deleterious effects. We also identified variants in LDLR, APOB,, or PCSK9 genes that were probably deleterious (Table 1).). Forty-nine patients (65%) diagnosed with ADH (55% women, 47±16 years old, LDL-MoM = 1.90±0.50, TG-MoM = 1.28±0.38) (Table 1) withhad 21 different APOE variants (Figure 1, Table 2). Among thesethe 21 variants, three arewere localized intoto the APOE promoter, fourteen into14 to exons, two to intronic variants, and two into the 3’UTR region. Among the exonic variants, ten arewere novel variantsand not associated previously associated with dyslipidemia, andwhereas four were already associated with either ADH or type III hyperlipoproteinemia. Twenty-Sevenseven patients (35%) were diagnosed with FCHL (48% women, 51±13 years old, LDL-MoM = 1.93±0.66, TG-MoM = 3.54±2.02) (Table 1) with 16 different variants (Figure 1, Table 2). Among thesethe 16 variants, six were common commonly associated with ADH but 10ten were specific ofto FCHL. Only one was previously associated with primary dyslipidemia.	Comment by Editor/Reviewer: 1. Is the intent preserved? 
2. I suggest clarifying this sentence. Rare variants in APOE were found that did not have deleterious effects. In addition, variants that were probably deleterious were found in LDLR, APOB or PCSK9. If this is the correct interpretation, I suggest splitting these concepts into separate sentences for clarity. 	Comment by Editor/Reviewer: Intent preserved? 
[image: ]
Figure 1. : Rare APOE variants identified in the French ADH/FCHL cohort. Three of the four APOE gene exons encode the 317 amino acid apoE precursor. The binding site for the LDL receptor is at residues 154 - 168. The lipid -binding site is at residues 262 - 290. Between the two sites, the hinge domain is at residues 218 - 233. Variants are distributed on coding-region, intronic region, promoter region, and 3’UTR regionregions, including missense, synonymous, splicing, or regulatory variants. Variants only present in FCHL patients are highlighted in grey, and variants present in both ADH and FCHL patients are highlighted in grey and underlined.	Comment by Editor/Reviewer: Figure 1 now ends in a colon to be consistent with other Tables and Figures.	Comment by Editor/Reviewer: LDLR?
2.1. New APOE variants in primary hypercholesterolemia
Of the 26 novel APOE variants, 12 arewere missense variants, 5 arefive were synonymous substitutions, 2 aretwo were intronic, and 7 areseven were in regulatory regions (Table 2). A large majority (21/26) iswere present at a higher frequency in thisthe ADH/FCHL cohort that incompared to the 1,148 alleles sequenced in the FREX - a control group that is representative of the French population - or the 152,200 alleles sequenced in GnomAD that are representative of the general population. And onlyOnly two variants are, c.-78C>G and p.Leu155Phe, were present at a significantly higher frequency in thisthe ADH/FCHL cohort than in GnomAD (c.-78C>G, p.Leu155Phe).. Moreover, the c.-78C>G variant iswas significantly more frequent in thisthe ADH/FCHL cohort thatthan in the GnomAD population with the highest allele frequency, the African/African-American population which has the highest allele frequency (Table S1). By addingWe added these data in Varsome, through the activation of the PS4 ACMG criteria ( criterion which identifies the prevalence of thea variant in affected individuals that is significantly increased compared with the prevalence in controls),. Based upon this criterion, the pathogenic prediction of c.-78C>G goeschanged from Variantvariant of Uncertain Significanceuncertain significance (VUS) to VUS/Likely Pathogeniclikely pathogenic (LP)), and that of p.Leu155Phe goeschanged from VUS/LP to LP. The c.44-1G>C variant iswas predicted Pathogenic sinceas pathogenic because it destructsdestroyed the intron 2 acceptor splice site, that which may leadhave led to the whole skipping of exon 2 skipping, or uncoverresulted in a cryptic splice site. The p.Pro102Leu variant iswas predicted as LP sincebecause it affectsaffected a well -conserved amino acid residue. The five synonymous variants arewere predicted Likely Benign sinceas likely benign (LB) because they dodid not affect any splice site and may thus might not be causative. The three 5’UTR variants closest tonearest the gene, from -78 to -105, are were predicted as VUS while, whereas the variant farthest, from the gene at -233 to -380, cannot could not be analyzed by most of the tools. In the 3’UTR, c.*25C>T iswas predicted to be within the miR-7704 target sequence known to be involved in tumorigenesis but not CVD [22].	Comment by Editor/Reviewer: I suggest that sentences in Results are typically written in past tense. Here, they are a mixture of present and past. For consistency, sentences in referring to data from this study are now in past tense. The presented results may be in present tense in the Discussion where they are treated as established facts for discussion purposes. 	Comment by Editor/Reviewer: Intent preserved? 	Comment by Editor/Reviewer: Is the intent preserved? These are complex ideas. To reduce the complexity, I suggest separating the ideas into at least two sentences. 	Comment by Editor/Reviewer: ACMG or ACGM? Both appear in the manuscript.	Comment by Editor/Reviewer: I suggest indicating which tools are being referred to?
2.2. Recurrent APOE variants in ADH/FCHL patients
The most frequent variant of thisthe ADH/FCHL cohort, the p.Leu167del, iswas carried by 14 ADH and four FCHL probands (Table 1) and is). It was present at a significantly higher frequency in thisour ADH/FCHL cohort than incompared to the GnomAD total population (Table 2) as well as the GnomAD population with the highest allele frequency, the Latino/Admixed American population (Table S1). By adding this information in Varsome, through using the activation of PS4 ACMG criteriacriterion, the pathogenic prediction goeschanged from LP to Pathogenic.pathogenic (P). The p.Leu46Pro variant, that was previously reported in a French ADH proband [10], is was carried by 12 ADH (11 heterozygotes and one homozygote) and 5 FHCL probands (Table 1). Interestingly, all the carriers of the p.Leu46Pro variant arewere also carriers of the E4 allele due to the linkage disequilibrium between the two variants (D’=1.0, r2=0.266,; Table S2)). This variant was also reported in a dementia cohort [28]. Very probably, aA unique molecular event that probably occurred in the past on ain the E4 allele has beenwas transmitted through generations and is now reported now as the “ApoE4 Freiburg”[29]. The homozygote ApoE4 Freiburg carrier dodid not present a more severe phenotype (Table 1),); thus, the transmission mode seemsseemed to be dominant rather than semi-dominant [30]. The p.Arg163Cys variant, that was previously reported in a French ADH family and two probands [10], is was carried by one ADH subject who suffered from myocardial infarction at 40 years old and 2two FCHL subjects (Table 1). The p.Arg269Gly variant, that was previously reported in one case of type IIa hyperlipidemia [9], is was carried by three unrelated ADH probands and one FCHL probandsproband (Table 1). The p.Gly145Asp variant, that was previously described in a 43-year-old French patient presenting severe mixed dyslipidemia [9], is] was carried by two unrelated FCHL men (Table 1). It iswas not clear whether the variant p.Gly145Asp had an impact on the structure of apoE while it modifies. The variation modified the protein net charge and thus could altermay have altered the affinity of apoE for its receptor [10]. Interestingly, the p.Gly145Asp variant is in linkage disequilibrium with the E2 allele (D’=1.0, r2=0.240, Table S2).	Comment by Editor/Reviewer: Intent preserved? 	Comment by Editor/Reviewer: Intent preserved?	Comment by Editor/Reviewer: Intent preserved?
2.3. Monogenic or polygenic dyslipidemia?
A substantial proportion of the ADH/FCHL cohort with no detected mutationdetectable mutations in LDLR/, APOB,/ or PCSK9 genes have raised had increased LDL-C concentrations explainedthat were explainable by co-inheritance of common LDL-C-raising alleles (19). APOE carriers ofin the ADH/FCHL cohort may have thus present a high presented increased LDL-C due to a polygenic origin rather than due to a real effect of a reel defective apoE effect. We compared the distribution of the weighted polygenic risk score (wPRS) in the ADH/FCHL, the ADH, and the FCHL cohorts between probands with an apoE rare variant and thoseprobands with no LDLR/, APOB/, PCSK9/, or APOE variant (/(cohort/M-) (Figure 2). The proportion of probands with a high probability of polygenic dyslipidemia iswas increased in the cohort of APOE variantsvariant carriers (55% vs 46 %), whilewhereas the probability of monogenic dyslipidemia iswas similar (20% vs 22%). The difference in the proportion of probands with a high probability of polygenic dyslipidemia is evenwas more marked in the ADH cohort (61% for APOE variant carriers vs 46%), but%). This was reversed in the FCHL cohort (42% APOE variant carriers vs 46%) (Figure 2). Conversely	Comment by Editor/Reviewer: 1. Is the overall sentence intent preserved?
2. The result appears to be a contradiction with the literature. Perhaps “were nevertheless explainable” would make this more apparent? 	Comment by Editor/Reviewer: Is this ratio correct?
Conversely, the proportion of probands with a high probability of monogenic dyslipidemia iswas reduced in the cohort of ADH-APOE variantsvariant carriers (14% vs 23 %) and increased in the cohort of FCHL-APOE variantsvariant carriers (31% vs 22 %) (Figure 2). These observations suggest that a larger proportion of ADH cases iswere of polygenic origin among carriers of an APOE variant thancompared to non-carriers. Consequently, a substantial proportion of the APOE variants may not behave been the major ADH cause of ADH. To identify these variants, we compared the wPRS between carriers of variants grouped in the different pathogenicity groups according to Varsome classification: pathogenic/likely pathogenic (P/LP); variant of uncertain significance (VUS); likely benign (LB)P/LP, VUS, and BL (Figure 3). The wPRS was significantly different among the five pathogenicity	Comment by Editor/Reviewer: I suggest a new paragraph.
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Table 1. Description of the 76 probands with dyslipidemia (continued …).	Comment by Editor/Reviewer: Please indicate the meaning of grey highlighting. 	Comment by Editor/Reviewer: What is this table continuing? Consider deleting this.
	APOE Variant 
	LDL-MoM
	TC-MoM
	TG-MoM 
	Clinical signs	Comment by Editor/Reviewer: For consistency, all headings now start with capital letter.
	Family history
	Hyper lipidemiaHyperlipidemia
	ApoE isoforms
	12-SNP wPRS
	wPRS decileb

	rs1038445539
	c.-380A>G
	p.?
	1.67
	1.44
	2.07
	xanthelasmaXanthelasma
	Yes
	FCHL
	E3E4
	0.743
	III

	rs1038445539
	c.-380A>G
	p.?
	2.52
	1.91
	6.1
	Corneal arcus
	Yes 
	FCHL
	E3E4
	1.021
	VIII

	 
	c.-279G>A
	p.?
	1.4
	1.41
	5.71
	
	Yes 
	FCHL
	E3E4
	1.207
	X

	 -
	c.-233G>C
	p.?
	2.00
	1.71
	[bookmark: OLE_LINK37]1.30
	
	Yes
	ADH
	E3E4
	1.296
	X

	 
	c.-105A>G
	p.?
	1.9
	1.78
	[bookmark: OLE_LINK38]2.56
	
	Yes 
	FCHL
	E3E3
	1.164
	X

	rs766215051
	c.-81G>A
	p.?
	2.40
	1.76
	[bookmark: OLE_LINK39]1.31
	
	
	ADH
	E3E4
	1.116
	IX

	rs750782549
	c.-78C>G
	p.?
	1.57
	1.41
	2.55a
	
	Yes 
	FCHL
	E3E4
	0.824
	IV

	rs750782549
	c.-78C>G
	p.?
	1.59
	1.60
	2.04
	
	 
	FCHL
	E3E4
	1.164
	X

	rs750782549
	c.-78C>G
	p.?
	1.52
	1.33
	1.65
	Xanthelasma
	 
	ADH
	E3E4
	0.950
	VI

	 -
	c.43+11G>A
	p.?
	1.47
	1.41
	1.90
	
	
	ADH
	E3E4
	1.173
	X

	rs770658351
	c.44-1G>C
	p.?
	2.17
	2.44
	na
	
	 
	ADH
	E3E4
	0.722
	II

	rs144354013
	c.31A>G
	p.Thr11Ala
	4.12
	na
	3.12a
	
	
	FCHL
	E3E4
	0.950
	VI

	rs111833428
	c.69G>A
	p.Ala23=
	1.41
	na
	5.89a
	
	 
	FCHL
	E3E3
	1.097
	IX

	rs776242156
	c.68C>T
	p.Ala23Val
	1.48
	1.29
	0.57
	CVD
	
	ADH
	E3E4
	1.136
	IX

	rs769452
	c.137T>C
	p.Leu46Pro
	1.59
	1.48
	0.96
	
	 
	ADH
	E3E4
	1.137
	IX

	rs769452
	c.137T>C
	p.Leu46Pro
	1.46
	1.36
	0.58
	Xanthoma
	 
	ADH
	E4E4
	1.136
	IX

	rs769452
	c.137T>C
	p.Leu46Pro
	1.33
	1.25
	1.65
	
	 
	ADH
	E3E4
	1.012
	VII

	rs769452
	c.137T>C
	p.Leu46Pro
	2.18
	1.75
	1.56
	
	 
	ADH
	E3E4
	1.365
	X

	rs769452
	c.137T>C
	p.Leu46Pro
	1.62
	1.41
	0.75
	
	Yes
	ADH
	E3E4
	1.149
	IX

	rs769452
	c.137T>C
	p.Leu46Pro
	1.40
	1.25
	1.70
	
	Yes
	ADH
	E3E4
	1.117
	IX

	rs769452
	c.137T>C
	p.Leu46Pro
	1.62
	1.38
	1.56
	
	 
	ADH
	E3E4
	1.240
	X

	rs769452
	c.137T>C
	p.Leu46Pro
	1.65
	1.50
	1.34
	
	 
	ADH
	E3E4
	0.919
	V

	rs769452
	c.137T>C
	p.Leu46Pro
	1.53
	1.86
	0.77
	
	Yes
	ADH
	E3E4
	1.049
	VIII

	rs769452
	c.137T>C
	p.Leu46Pro
	2.25
	1.90
	0.75
	
	Yes
	ADH
	E3E4
	1.045
	VIII

	rs769452
	c.137T>C
	p.Leu46Pro
	1.62
	1.43
	1.09
	
	No
	ADH
	E3E4
	1.068
	VIII

	rs769452d
	c.137T>Cc
	p.Leu46Proc
	1.75
	1.46
	1.42
	cornealCorneal arcus
	 
	ADH
	E4E4
	1.169
	X

	rs769452
	c.137T>C
	p.Leu46Pro
	1.46
	1.36
	2.36
	
	Yes 
	FCHL
	E2E4
	1.128
	IX

	rs769452
	c.137T>C
	p.Leu46Pro
	1.72
	1.61
	2.86
	CVD
	 
	FCHL
	E3E4
	1.133
	IX

	rs769452
	c.137T>C
	p.Leu46Pro
	1.58
	1.43
	4.04a
	CVD
	 
	FCHL
	E3E4
	0.891
	V

	rs769452
	c.137T>C
	p.Leu46Pro
	1.74
	1.63
	2.17
	
	Yes 
	FCHL
	E3E4
	1.120
	IX

	rs769452
	c.137T>C
	p.Leu46Pro
	1.96
	1.70
	7.95
	
	Yes 
	FCHL
	E3E4
	0.727
	II

	rs767980905
	c.249C>T
	p.Asp83=
	1.76
	1.46
	1.32
	
	
	ADH
	E3E4
	1.047
	VIII

	rs11083750
	c.305C>T
	p.Pro102Leu
	2.09
	1.61
	1.22
	
	 
	ADH
	E3E4
	1.307
	X

	rs573658040
	c.409C>T
	p.Arg137Cys
	1.61
	1.43
	1.21
	
	
	ADH
	E3E4
	0.945
	VI

	rs11542035
	c.410G>A
	p.Arg137His
	1.70
	1.51
	1.40
	
	 
	ADH
	E3E3
	0.912
	V

	rs267606664
	c.434G>A
	p.Gly145Asp
	1.4
	1.43
	3.03
	
	
	FCHL
	E2E4
	0.856
	IV

	rs267606664
	c.434G>A
	p.Gly145Asp
	2.21
	2.72
	5.5a
	
	Yes 
	FCHL
	E3E4
	0.480
	I

	rs1018669382
	c.463 C>T
	p.Leu155Phe
	1.50

	1.34
	1.98
	
	 
	ADH
	E3E3
	1.162
	X

	rs769455
	c.487C>T
	p.Arg163Cys
	1.68
	1.54
	1.60
	CVD
	
	ADH
	E3E3
	0.948
	VI

	rs769455
	c.487C>T
	p.Arg163Cys
	2.47
	na
	10
	
	Yes 
	FCHL
	E3E3
	0.625
	II

	rs769455
	c.487C>T
	p.Arg163Cys
	1.41
	1.23
	2.52
	
	
	FCHL
	E3E4
	1.129
	IX

	Table 1. Description of the 76 probands with dyslipidemia ( … end).	Comment by Editor/Reviewer: ..end? consider deleting.

	APOE Variant 
	LDL-MoM
	TC-MoM
	TG-MoM 
	Clinical signs
	Family history
	Hyper lipidemiaHyperlipidemia
	ApoE isoforms
	12-SNP wPRS
	wPRS decileb

	rs155726148
	c.500_502delTCC
	p.Leu167del
	2.54
	2.12
	1.88
	CVD
	 
	ADH
	E3E3
	1.280
	X

	rs155726148
	c.500_502delTCC
	p.Leu167del
	2.01
	1.61
	1.25
	
	 
	ADH
	E3E3
	1.028
	VIII

	rs155726148
	c.500_502delTCC
	p.Leu167del
	2.33
	2.23
	1.47
	
	 
	ADH
	E3E3
	1.030
	VIII

	rs155726148
	c.500_502delTCC
	p.Leu167del
	3.51
	2.66
	1.16
	cornealCorneal arcus
	 
	ADH
	E3E3
	0.680
	II

	rs155726148
	c.500_502delTCC
	p.Leu167del
	2.15
	1.84
	1.11
	
	 
	ADH
	E3E3
	0.747
	III

	rs155726148
	c.500_502delTCC
	p.Leu167del
	3.55
	2.52
	1.03
	
	 
	ADH
	E3E3
	1.098
	IX

	rs155726148
	c.500_502delTCC
	p.Leu167del
	2.43
	2.03
	1.11
	
	Yes
	ADH
	E3E3
	0.985
	VII

	rs155726148
	c.500_502delTCC
	p.Leu167del
	2.79
	2.09
	1.37
	
	 
	ADH
	E3E3
	1.076
	VIII

	rs155726148
	c.500_502delTCC
	p.Leu167del
	1.33
	1.21
	0.66
	
	 
	ADH
	E3E3
	0.920
	V

	rs155726148
	c.500_502delTCC
	p.Leu167del
	2.09
	1.36
	1.37
	
	Yes
	ADH
	E3E4
	0.824
	IV

	rs155726148
	c.500_502delTCC
	p.Leu167del
	2.47
	2.12
	0.88
	
	 
	ADH
	E3E4
	0.983
	VII

	rs155726148
	c.500_502delTCC
	p.Leu167del
	1.93
	1.61
	1.05
	cornealCorneal arcus
	Yes
	ADH
	E3E4
	1.190
	X

	rs155726148
	c.500_502delTCC
	p.Leu167del
	1.77
	1.44
	0.62
	
	Yes
	ADH
	E3E4
	1.035
	VIII

	rs155726148
	c.500_502delTCC
	p.Leu167del
	1.31
	2.16
	1.69
	
	Yes 
	ADH
	E3E3
	0.698
	II

	rs155726148
	c.500_502delTCC
	p.Leu167del
	2.37
	1.49
	2.68
	
	 
	FCHL
	E3E4
	0.832
	IV

	rs155726148
	c.500_502delTCC
	p.Leu167del
	1.58
	1.47
	2.02
	CVD
	 
	FCHL
	E3E3
	0.683
	II

	rs155726148
	c.500_502delTCC
	p.Leu167del
	1.66
	1.50
	2.07
	
	Yes 
	FCHL
	E3E4
	0.921
	V

	rs155726148
	c.500_502delTCC
	p.Leu167del
	3.51
	2.61
	3.23
	
	 
	FCHL
	E3E3
	0.952
	VI

	rs1239911444
	c.517C>T
	p.Leu173=
	1.74
	1.70
	3.22
	
	Yes 
	FCHL
	E3E3
	0.918
	V

	rs1421977676
	c.536C>T 
	p.Val179Ala
	1.65
	1.57
	3.05
	CVD
	 
	FCHL
	E3E3
	na
	na

	rs781722239
	c.555C>T
	p.Arg185=
	2.17
	1.86
	0.66
	cornealCorneal arcus
	
	ADH
	E3E3
	0.689
	II

	 -
	c.638T>Ad
	p.Val213Glud
	2.51
	1.99
	1.07
	
	 
	ADH
	E3E3
	0.896
	V

	rs72654468
	c.651C>T
	p.Ala217=
	1.54
	1.42
	1.13
	
	
	ADH
	E3E3
	1.243
	X

	rs72654468
	c.651C>T
	p.Ala217=
	2.08
	1.69
	1.85
	
	
	ADH
	E3E3
	1.020
	VIII

	rs72654468
	c.651C>T
	p.Ala217=
	1.55
	1.40
	1.30
	
	
	ADH
	E3E3
	1.130
	IX

	 -
	c.652G>T
	p.Gly218Cys
	1.76
	1.48
	1.24
	
	 
	ADH
	E3E4
	0.945
	VI

	rs762906934
	c.745G>A
	p.Glu249Lys
	Na
	1.62
	2.19
	CVD
	
	FCHL
	E3E3
	0.962
	VI

	 -
	c.754G>A
	p.Glu252Lys
	1.61
	1.45
	2.53
	
	Yes 
	FCHL
	E3E4
	0.897
	V

	rs267606661
	c.805C>G
	p.Arg269Gly
	2.42
	1.99
	2.13
	CVD
	
	FCHL
	E3E4
	1.243
	X

	rs267606661
	c.805C>G
	p.Arg269Gly
	1.55
	1.30
	1.95
	CVD
	
	ADH
	E4E4
	0.855
	IV

	rs267606661
	c.805C>G
	p.Arg269Gly
	1.81
	1.50
	1.51
	
	
	ADH
	E3E4
	1.067
	VIII

	rs267606661
	c.805C>G
	p.Arg269Gly
	1.71
	1.52
	1.43
	
	
	ADH
	E3E4
	0.933
	V

	rs374329439
	c.*25C>T
	3’UTR variant
	1.53
	1.42
	1.54
	
	 
	ADH
	E3E3
	1.083
	IX

	rs374329439
	c.*25C>T
	3’UTR variant
	1.46
	1.41
	[bookmark: OLE_LINK29]2.1
	
	 
	FCHL
	E3E3
	1.099
	IX

	 -
	c.*36C>G
	3’UTR variant
	1.50
	1.32
	[bookmark: OLE_LINK33]1.52
	
	
	ADH
	E3E4
	1.344
	X


na: non -available. a Triglycerid. aTriglycerid values under statins. b Scoresstatin treatment. bScores in deciles I-III have a strong probability of monogenic ADH while, whereas scores in deciles VIII-X have a strong probability of polygenic hypercholesterolemia. c HomozygotecHomozygous carrier. d HomozygotedHomozygous carrier of the p.(Leu21dup) variant in PCSK9 geneis known to be associated with low levels ofreduced LDL-C [23].	Comment by Editor/Reviewer: Not available, perhaps?	Comment by Editor/Reviewer: Please indicate the meaning of greyed lines. 	Comment by Editor/Reviewer: Please indicate the meaning for greyed lines. 
.


Table 2: Description of the 31 APOE variants.
	rs number
	cDNA position  (NM_000041.4)
	Protein position (NP_000032.1)
	Hyper lipidemiaHyperlipidemia
	AF in the ADH/FCHL cohort a
	FREX total AF aAFa
	gnomADGnomAD total AF aAFa
	PolyPhen 2 b2b
	SIFT cSIFTc
	Mutation taster d	Comment by Editor/Reviewer: Do you mean “tester”?
	CADD eCADDe
	Provean fProveanf
	Splice site affected gaffectedg
	ACMG (Varsome) h
	References

	rs1038445539
	c.-380A>G
	5’UTR variant
	FCHL
	0.017 (2/11,486)
	0
	0.005 (7/152 092)
	na
	na
	na
	7.106
	na
	no
	na
	

	-
	c.-279G>A
	5’UTR variant
	FCHL
	0.009 (1/11,486)
	0
	0
	na
	na
	na
	5.676
	na
	no
	na
	

	-
	c.-233G>C
	5’UTR variant
	ADH
	0.009 (1/11,486)
	0
	0
	na
	na
	na
	10.31 (top 10%)
	na
	no
	na
	

	-
	c.-105A>G
	5’UTR variant
	FCHL
	0.009 (1/11,486)
	0
	0
	na
	na
	D
	22.7 (top 1%)
	na
	no
	VUS
	

	rs766215051
	c.-81G>A
	5’UTR variant
	ADH
	0.009 (1/11,486)
	0
	0.003 (5/152,130)
	na
	na
	D
	14.13 (top 10%)
	na
	no
	VUS
	

	rs750782549
	c.-78C>G
	5’UTR variant
	ADH, FCHL
	0.026 (3/11,486) i
	0
	0.001 (2/152,116)
	na
	na
	D
	14.91 (top 10%)
	na
	no
	VUS
	

	rs770658351
	c.43+11G>A
	p.?
	ADH
	0.009 (1/11,486)
	0
	0
	na
	na
	SNP
	13.12 (top 10%)
	na
	no
	VUS
	

	-
	c.44-1G>C
	p.?
	ADH
	0.009 (1/11,486)
	0
	0
	na
	na
	D
	33 (top 0.1%)
	na
	Yes
	P
	

	rs144354013
	c.31A>G
	p.Thr11Ala
	FCHL
	0.009 (1/11,486)
	0
	0.009 (13/151,914)
	B
	T
	SNP
	0.294
	N (0.8)
	no
	VUS/P
	

	rs776242156
	c.68C>T
	p.Ala23Val
	ADH
	0.009 (1/11,486)
	0
	0.001 (1/152,206)
	B
	T
	SNP
	0.047
	N (-0.2)
	no
	VUS/LP
	

	rs111833428
	c.69G>A
	p.Ala23=
	FCHL
	0.009 (1/11,486)
	0
	0.023 (35/152,212)
	na
	na
	SNP
	5.195
	N (0)
	no
	LB
	

	rs769452
	c.137T>C
	p.Leu46Pro
	ADH, FCHL
	0.157 (18/11,486)
	0.174 (2/1,148)
	0.193 (293/152,188)
	P
	T
	D
	0.72
	N (-1.1)
	no
	LB
	[10]

	rs767980905
	c.249C>T
	p.Asp83=
	ADH
	0.009 (1/11,486)
	0
	0.003 (4/152,218)
	na
	na
	D
	0.615
	N (0)
	no
	LB
	

	rs11083750
	c.305C>T
	p.Pro102Leu
	ADH
	0.009 (1/11,486)
	0
	0
	D
	D
	D
	23.4 (top 1%)
	D (-8.7)
	no
	LP
	

	rs573658040
	c.409C>T
	p.Arg137Cys
	ADH
	0.009 (1/11,486)
	0
	0.002 (3/152,132)
	D
	T
	D
	25.8 (top 1%)
	N (-2.4)
	no
	VUS/P
	

	rs11542035
	c.410G>A
	p.Arg137His
	ADH
	0.009 (1/11,486)
	0
	0.003(5/152,112)
	P
	T
	SNP
	22.1 (top 1%)
	N (-1.0)
	no
	VUS/P
	

	rs267606664
	c.434G>A
	p.Gly145Asp
	FCHL
	0.017 (2/11,486)
	0.087 (1/1,148)
	0.015 (22/152,152)
	D
	T
	D
	24.5 (top 1%)
	N (0.656)
	no
	VUS/P
	[24]

	rs1018669382
	c.463 C>T
	p.Leu155Phe
	ADH
	0.009 (1/11,486) i
	0
	0.001 (2/152,148)
	B
	T
	SNP
	5.538
	N (-1.6)
	no
	VUS/P
	

	rs769455
	c.487C>T
	p.Arg163Cys
	ADH, FCHL
	0.026 (3/11,486) j
	0
	0.643 (978/152,126)
	D
	D
	D
	28.4 (top 1%)
	D (-4.9)
	no
	VUS/P
	[10]

	rs515726148
	c.500_502delTCC
	p.Leu167del
	ADH, FCHL
	0.157 (18/11,486) i
	0
	0.003 (4/152,132)
	na
	na
	SNP
	na
	D (-7.4)
	no
	LP
	[9,10,16,25–27]

	rs1239911444
	c.517C>T
	p.Leu173=
	FCHL
	0.009 (1/11,486)
	0
	0
	na
	na
	D
	7.641
	N (0)
	no
	LB
	

	rs1421977676
	c.536T>C
	p.Val179Ala
	FCHL
	0.009 (1/11,486)
	0
	0
	D
	T
	SNP
	23.5 (top 1%)
	N (-1.0)
	no
	VUS/P
	

	rs781722239
	c.555C>T
	p.Arg185=
	ADH
	0.009 (1/11,486)
	0
	0.009 (13/151,932)
	na
	na
	SNP
	7.192
	N (0)
	no
	LB
	

	-
	c.638T>A
	p.Val213Glu
	ADH
	0.009 (1/11,486)
	0
	0
	P
	D
	SNP
	11.3 (top 10%)
	N (-0.6)
	no
	VUS/P
	

	rs72654468
	c.651C>T
	p.Ala217=
	ADH
	0.026 (3/11,486) j
	0.182 (2/1,094)
	0.089 (135/151,926)
	na
	na
	SNP
	6.242
	N (0)
	no
	LB
	

	-
	c.652G>T
	p.Gly218Cys
	ADH
	0.009 (1/11,486)
	0
	0
	D
	T
	SNP
	6.506
	N (-1.4)
	no
	VUS/P
	

	rs762906934
	c.745G>A
	p.Glu249Lys
	FCHL
	0.009 (1/11,486)
	0
	0.001 (1/152,172)
	B
	T
	SNP
	19.7 (top 10%)
	N (-1.4)
	no
	VUS/P
	

	-
	c.754G>A
	p.Glu252Lys
	FCHL
	0.009 (1/11,486)
	0
	0
	P
	D
	SNP
	22.2 (top 1%)
	D (-2.9)
	no
	VUS/P
	

	rs267606661
	c.805C>G
	p.Arg269Gly
	ADH, FCHL
	0.035 (4/11,486)
	0.087 (1/1,148)
	0.030 (46/152,200)
	P
	D
	D
	23.3 (top 1%)
	D (-2.9)
	no
	VUS/P
	[10]

	rs374329439
	c.*25C>T
	3’UTR variant
	ADH, FCHL
	0.017 (2/11,486)
	0
	0.071 (108/152,194)
	na
	na
	SNP
	5.508
	na
	no
	VUS
	

	-
	c.*36C>G
	3’UTR variant
	ADH
	0.009 (1/11,486)
	0
	0
	na
	na
	SNP
	6.597
	na
	no
	VUS
	


a AF: AlleleaAF: allele frequency in % (allele count/number), na: not available. b BbB: benign; D: Probablyprobably damaging; P: Possiblypossibly damaging. c T: ToleratedcT: tolerated; D: deleterious. d D: Disease dD: disease-causing; SNP: Single Nucleotide Polymorphism. e Variantsingle nucleotide polymorphism. eVariant with a score ≥20 is predicted to be among the top 1% of the most deleterious substitutions in the human genome; with a score ≥10, among the top 10%. f VariantfVariant with a score ≤-2.5 is considered “deleterious” and with a score > -2.5 is considered “neutral”. g PotentialgPotential effect on splicing assessed with Alamut and Human Splicing Finder; Yes: Loss of intron 2 acceptor site. h P: PathogenichP: pathogenic; LP: Likely Pathogeniclikely pathogenic; VUS: Variantvariant of Uncertain Significanceuncertain significance; LB: Likely Benign. i AFlikely benign. iAF significantly higher in this ADH/FCHL cohort than in GnomAD total population. j AFjAF significantly lower in the studied cohort than in the GnomAD total population.	Comment by Editor/Reviewer: D is defined as “probably damaging”, “deleterious” and “disease causing” in separate columns within the same Table. This many also cause confusion in the text. To reduce confusion, I suggest using two or three letter abbreviations? In this case PD, Del, DC , respectively, or something similar.  	Comment by Editor/Reviewer: Please indicate the meaning of greyed lines.
[bookmark: page2]groups in the whole cohort (p=0.025, Kruskall-Wallis test) (Figure 3A) and in the ADH cohort (p=0.022, Kruskall-Wallis test) (Figure 3B). No significant differences were observed in the FCHL cohort (Figure 3C). 
In the whole cohort, carriers of a VUS presentvariant presented a significantly highergreater mean wPRS than carriers of a P/LP, VUS/P, LP, or LB variant and carriers. Carriers of a LB variant presentpresented a significantly highergreater mean wPRS than carriers of a P/LP variant (Figure 3A). In the ADH cohort, carriers of a LB presentvariant presented a significantly higher mean wPRS than carriers of a P/LP or VUS/P,LP variant, and carriers of a VUS presentvariant presented a significantly highergreater mean wPRS than carriers of a VUS/P,LP variant (Figure 3B). IndicatingThese results indicated that among carriers of VUS and LB APOE variants, the proportion of polygenic ADH is higherwas greater than among carriers of P/LP and VUS/P,LP variants. Thus, 6six VUS and 6six LB APOE variants reported here may not behave been the major ADH cause of ADH (Table 2). Distribution 	Comment by Editor/Reviewer: I suggest a new paragraph.	Comment by Editor/Reviewer: “In the whole ADH/FCHL cohort”?	Comment by Editor/Reviewer: OK?
The distribution of the variants, from the five pathogenicity groups, within the wPRS deciles of the Whitehall II control cohort was significantly different amongbetween the five groups (p=0.003, Kruskall-Wallis test) in the whole cohort (Figure 3D). The VUS and LB APOE variants are were observed more frequently observed in probands with a high probability of polygenic dyslipidemia than compared to the P/LP and VUS/P,LP variants. Altogether, thesethe data suggestsuggested that patients with a VUS or LB variant most likely have a probably had polygenic ADH while, whereas carriers of a P/LP or VUS/P,LP variant suffersuffered from monogenic ADH due to a major effect of the APOE variant. 	Comment by Editor/Reviewer: I suggest a new paragraph following a major conclusion. 
We did not find  any correlation between the LDL-MoM values and the 12-SNP wPRS infor the 49 ADH patients, in the 27 FCHL patients,, and in or the allfull cohort (Figure 4). Since theThe E4 allele accountaccounted for a large partproportion of the 12-SNP wPRS and was present at a high frequency in the present cohort, of 33.55% in the present cohort compared to 14.25% in the 200 ,920 alleles of the GnomAD dataset. Thus, we also calculated the 10-SNP wPRS andbut did not find any correlation between the LDL-MoM values and the 10-SNP wPRS (data not shown). SuggestingThese results suggested that, in thisthe ADH/FCHL cohort, the 12 common LDL-C-raising alleles genotyped inalleles that increased LDL-C and incorporated into the wPRS had no significant effect on the individual level of LDL-C level. Elevated LDL-C levels may thus behave been due to a major effect of the carried pathogenic APOE variant or of a variant in anotheran unidentified dyslipidemic gene. linked to dyslipidemia.	Comment by Editor/Reviewer: I suggest a new paragraph following a major conclusion. 	Comment by Editor/Reviewer: Observe? Detect?	Comment by Editor/Reviewer: Intent preserved?	Comment by Editor/Reviewer: statistically significant? I believe the scores are statistically based. 	Comment by Editor/Reviewer: observe? detect? 	Comment by Editor/Reviewer: Is the intent preserved? 	Comment by Editor/Reviewer: inherited? “Carrier” is used as a noun throughout the text, but and “carried” is used as a verb here. This seems awkward in the text.  	Comment by Editor/Reviewer: Intent preserved?
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[bookmark: OLE_LINK1]Figure 2: Distribution of the 12-SNP weighted polygenic risk score (wPRS) within the deciles of the Whitehall II control cohort [7]. Comparison between dyslipidemic (DLP=ADH/FCHL), ADH, or FCHL probands carrying an APOE rare variant or without any ADH/FCHL causative mutation. Green arrows indicate the percentage of probands with a low wPRS, and a probability of monogenic DLP that gradually increaseincreases under decile V. Red arrows indicate the percentage of probands with a wPRS in the top three deciles with a high probability of polygenic DLP.

[image: ]Figure 3: Weighted polygenic risk score (wPRS) in carriers of APOE variants grouped in different pathogenicity groups. The five pathogenicity groups predicted by Varsome according to the ACMG criteriacriterion are: Pathogenicpathogenic/likely pathogenic (P/LP); Variantvariant of uncertain significance (VUS); Benignbenign/likely benign (B/BL); predicted pathogenicity not available (na). In theThe ADH/FCHL (A), ADH (B),), and FCHL (C) cohorts are indicated above their respective plots. (D) Distribution of the variants from the five pathogenicity groups within the wPRS deciles of the Whitehall II control cohort [7]. * p<0.05, ** p<0.005, non-parametric Mann Wintney test.

[image: ]
Figure 4: Correlation between the 12-SNP weighted polygenic risk score (wPRS) and the severity of the phenotype measured by the LDL-cholesterol. C. Multiple of Median for LDL-cholesterolC level (LDL-MoM). Non-parametric Spearman test.	Comment by Editor/Reviewer: LDL-C to be consistent with text?
2.4. Genotype-phenotype correlation
To date, no genotype-phenotype correlation has been reported among carriers of different causative variants within the APOE gene. The mean LDL-MoM was compared among different molecular groups (FigureFigures 5A and 5B). In the whole cohort, carriers of theAPOE p.Leu167del presented a significant highersignificantly greater LDL-MoM than carriers of a 3’UTR, missense,, or synonymous variants (Figure 5A),). This was also true of the p.Leu46Pro/E4, the other exonic variants or all the substitutions (Figure 5B). In the ADH cohort, carriers of the p.Leu167del presented a significant highersignificantly greater LDL-MoM than carriers of a missense variants (p=0.002), of the p.Leu46Pro/E4 (p=0.008), the p.Arg269Gly (p=0.050), the other exonic variants (p=0.040)), or all the substitutions (p=0.002), while no). No significant differences were observed in the FCHL cohort (data not shown). Interestingly, the p.Leu46Pro/E4 carriers presented a significantly highergreater wPRS than the p.Leu167del or all other variants combined in the whole cohort (Figure 5C). Nevertheless, no differences were observed between the three molecular groups with the 10-SNP wPRS (withoutthat lacked the apoE isoformsisoform alleles):: 0.99±1.7, 0.91±1.8, 0.95±2.0, respectively. SuggestingThis suggested that the E4 allele, in linkage disequilibrium with the p.Leu46Pro variant, supported the different 12-SNP wPRS values between the p.Leu46Pro/E4 carriers and the other variantsvariant carriers. The same observation iswas made in the ADH cohort (Figure 5D) but not in the FCHL cohort (data not shown). 	Comment by Editor/Reviewer: Such claims of priority may be scrutinized by a journal. Perhaps “To our knowledge, no genotype-phenotype” or similar? 	Comment by Editor/Reviewer: variant groups? 	Comment by Editor/Reviewer: Intent preserved?	Comment by Editor/Reviewer: OK?	Comment by Editor/Reviewer: I suggest specifying the groups to remind readers since a respective list follows? 	Comment by Editor/Reviewer: Intent preserved? 
The mean TG-MoM compared among the different molecular groups showed that p.Leu167del carriers presented a significantly lowerlesser mean TG-MoM value than all the other APOE variant carriers in the whole cohort (1.48±0.68 vs 2.30±1.83; p=0.02) but). However, this was not the case in the ADH or the FCHL cohort (data not shown). Altogether, these results suggest that the p.Leu167del APOE variant iswas associated with a monogenic form of hypercholesterolemia, higherincreased LDL-C levels, and lowerreduced TG levels thancompared to other APOE variants.	Comment by Editor/Reviewer: I suggest a new paragraph here to break up the presentation of results which are detailed. 	Comment by Editor/Reviewer: Intent preserved?
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Figure 5: Multiple of Medianmedian for LDL-cholesterol levelC (LDL-MoM) and weighted polygenic risk score (wPRS) among the carriers of different variants. (A) LDL-MoM in carriers of 5’UTR, 3’UTR, missense, synonymous, and deletion variants for the whole cohort. (B) LDL-MoM in the carriers of exonic variants for the whole cohort. aOther exonic variants than the 5 five with at least three carriers, bAll the exonic substitutions. (C) wPRS in the carriers of p.Leu167del, p.Leu46Pro/E4, and other variants for the whole cohort. (D) wPRS in the carriers of p.Leu167del, p.Leu46Pro/E4 and other variants in the ADH cohort. cOther variantscVariants other than the p.Leu46Pro-E4 and p.Leu167del (exonic, intronic, 5’ and 3’ UTR). * p<0.05, ** p<0.005, non-parametric Mann Wintney test.	Comment by Editor/Reviewer: Can you please clarify “than the 5”?  
2.5. Lipid-lowering treatment response	Comment by Editor/Reviewer: reducing?
LDL-C levels with and without and under statin treatment were available for 11 probands of the ADH/FCHL cohort (Table 3). The observed fold LDL-C -reduction isof LDL-C was significantly highermore than estimated for FH patients (carrying ADH with a mutation within the LDLR gene)  (Table 3). Most of the variants arewere predicted eitherin P, VUS/P, or VUS/LP, and but only the p.Arg185= silent variant iswas predicted to be LB. It is thusThus, it was possible that the hypercholesterolemia of the carrier of the p.Arg185= silent variant carrier iswas not due to this APOE rare variant. Nevertheless, with the 10ten other APOE variants, the observed fold LDL-C reduction iswas significantly highermore than expected for FH patients (2.45±0.75 vs 1.91±0.29, p=0.0426). Interestingly, the only patient not presenting a lowerthe expected LDL-C reduction than expected (1.2 vs 2.2) iswas the only FCHL carrier of the p.Leu167del variant and with the E3E4 ApoE isoforms.isoform.	Comment by Editor/Reviewer: OK? For general readers, I suggest reminding them regularly which cohort is referred to.	Comment by Editor/Reviewer: Intent preserved?	Comment by Editor/Reviewer: OK?	Comment by Editor/Reviewer: Intent preserved? 
3. Discussion
In the French ADH/FCHL cohort studied here, 21 rare APOE variants in 49 ADH probands and 16 rare variants in 27 FCHL probands were identified, 6six of them being common to the two disease groups (Table 2, Figure 1). ThroughSixteen of these rare APOE variants are very likely to be the major cause of the ADH/FCHL phenotype based on (1) their frequency in controls and the French ADH/FCHL cohort, (2) various pathogenic prediction tools and three diagnostic labs classification,lab classifications, and (3) assessment of thetheir polygenic contribution, 16 of these rare APOE variants are very likely to be the major cause of the ADH/FCHL phenotype.. Although LDLR is still the main gene associated with primary hypercholesterolemia, our work showedshows that APOE has a significant contributioncontributes significantly, and providedit provides an updated full APOE molecular spectrum in a French ADH/FCHL cohort previously classified as mutation -negative.	Comment by Editor/Reviewer: Nice that you listed out the evidence! Very clear for readers. 
In patients with ADH, triglyceridestriglyceride-increasing factors (i.e.,such as genetic and metabolic factors, diet,, and APOE genotype) could lead to the development of FCHL. VariantsVariations in the APOE gene may amplify the effect of these factors, and thus. Thus, according to the number or the nature of these factors, APOE variants could be associated with anthe overlapping phenotype betweenphenotypes of FCHL, ADH, and sometimes Familial Dysbetalipoproteinemia (FD)familial dysbetalipoproteinemia when the subject is E2/E2 [32]. Therefore, in this study, weWe, therefore, included subjects diagnosed with ADH and FCHL. 
The most frequently foundfrequent variant in this cohort, p.Leu167del, was already identifiedis known as a causative mutation in ADH [9], that is the one associated with the more severe phenotype (Figure 5). The p.Leu167del was identified as thevariant is known to cause of hypercholesterolemia in 3.1% of ADH subjects without LDL, APOB, and PCSK9 mutations in Spain [25], and in a French patient among a cohort of 229 ADH subjects [10]. The hyperLDLemia observed in the French ADH family with p.Leu167del carriers was explained by an increased LDL pool, which was the consequence of both an increase in VLDL production rate and a decrease in LDL catabolism [9]. Another study showed that VLDL carrying the p.Leu167del variant produces LDL receptor down-regulation, raising resulting in increased plasma LDL-C [25]. InWe find in this ADH/FCHL cohort, that p.Leu167del carriers wereare characterized by significantly higher LDL levels thancompared to all other APOE variant carriers. This is mainly due to lower LDL levels of p.Leu46Pro/E4 carriers (Figure 5B).	Comment by Editor/Reviewer: Intent preserved? 
The variant p.Leu46Pro wasis the second most frequent APOE variant in the cohort (Table 1). When associated with the E4 isoform (ApoE Freiburg), p.Leu46Pro affects the structure and the stabilization of the apoE protein [33]. Since the homozygote carrier of the ApoE Freiburg did not present a phenotype more severe phenotype than heterozygote carriers, we suggestedsuggest that the disease is rather dominant rather than semidominant.semi-dominant. This is similar to the APOB- p.Arg3527Gln mutation for which homozygotes wereare reported to have cholesterol concentrations in the range of heterozygotes carriers [34]. But they are different from carriers of LDLR gene mutation carriers presentingmutations which present a semidominantsemi-dominant disease sincebecause each allele contributes to the phenotype (OMIM #143890, #606945). However, the p.Leu46Pro variant is predicted to be benign B mostly due to its relatively high frequency, 0.77% in the European Finnish population (Table S1). While the), whereas ApoE Freiburg (p.Leu46Pro/ApoE4) is atherogenic, and significantly more common among CHD patients, reported. ApoE Freiberg is report to be likely pathogenicLP in ClinVar [29] and less frequent :. Its greatest allele frequency is 0.15% in the European Finnish population (highest allele frequency) (Table S1).	Comment by Editor/Reviewer: I suggest a new paragraph to discuss another variant. 	Comment by Editor/Reviewer: Intent preserved?	Comment by Editor/Reviewer: OK? Previously defined term. 	Comment by Editor/Reviewer: OK?  

Table 3: LDL-C reduction under statins.
	APOE Variant
	[bookmark: _Hlk95711474]Pathogenic prediction apredictiona
	genderGender
	agebAgeb
	LDL-C without treatmentc
	TreatementTreatment
	agedAged
	LDL-C under treatmentc
	Estimated reductione
	Observed reduction 

	rs776242156
	c.68C>T
	p.Ala23Val
	VUS/LP
	M
	43
	5.17
	Atorvastatine 20	Comment by Editor/Reviewer: Atorvastatin? Also “in” vs “ine” for other drugs in the column. 
	46
	1.42
	1.8
	3.6

	rs11542035
	c.410G>A
	p.Arg137His
	VUS/LP
	F
	61
	6.45
	Simvastatine 20
	62
	3.06
	1.6
	2.1

	rs769455
	c.487C>T
	p.Arg163Cys
	VUS/LP
	M
	40
	5.88
	Atorvastatine 80 Ezetimibe 10
	41
	1.69
	2.5
	3.5

	rs155726148
	c.500_502delTCC
	p.Leu167del
	P
	M
	69
	7.24
	Atorvastatine 20
	70
	2.74
	1.8
	2.6

	rs155726148
	c.500_502delTCC
	p.Leu167del
	P
	F
	38
	9.44
	Atorvastatine 80
	56
	3.59
	2.2
	2.6

	rs155726148
	c.500_502delTCC
	p.Leu167del
	P
	F
	31
	6.18
	Atorvastatine 80
	32
	5.20
	2.2
	1.2

	rs155726148
	c.500_502delTCC
	p.Leu167del
	P
	M
	31
	7.55
	Simvastatine 20 Ezetimibe 10
	38
	2.87
	1.8
	2.6

	rs155726148
	c.500_502delTTC
	p.Leu167del
	P
	M
	20
	6.99
	Rosuvastatine 5
	27
	3.74
	1.8
	1.9

	rs781722239
	c.555C>T
	p.Arg185=
	LB
	M
	65
	7.81
	Atorvastatine 20
	65
	4.29
	1.8
	1.8

	rs267606661
	c.805C>G
	p.Arg269Gly
	VUS/P
	M
	51
	5.73
	Atorvastatine 20
	58
	3.18
	1.8
	1.8

	rs267606661
	c.805C>G
	p.Arg269Gly
	VUS/P
	M
	59
	6.33
	Atorvastatine 10
	59
	2.49
	1.6
	2.5

	
	Mean
	1.90
	2.39

	
	SD
	0.28
	0.74

	
	Wilcoxon matched -pairs test 
	p=0.0426


a ACMGaACMG criteria from Varsome (Table 2) addaptedadapted from Table S1; P: Pathogenicpathogenic; LP: Likely Pathogeniclikely pathogenic; VUS: Variantvariant of Uncertain Significanceuncertain significance; LB: Likely Benign. b Agelikely benign. bAge at lipid measurement without treatment. c mmolcmmol/L. d AgedAge at lipid measurement under treatment. e CorrectioneCorrection factors were obtained by the meta-analysis of 71 studies [31].	Comment by Editor/Reviewer: Intent preserved? 

In addition to these well -characterized variants, we identified 16 exonic missense variants, among which p.Pro102Leu and p.Val213Glu were very rare. Although the substitution p.Pro102Leu wasis not reported in GnomAD, p.Pro102Arg at the same position, p.Pro102Arg was previously is described in a subject with hypercholesterolemia and associatedin association with the ApoE4 isoform [35]. The p.Val213Glu carrier being homozygotehomozygous for the hypocholesterolemic PCSK9 L10 polymorphism (Table 1) is an argumentargues for the pathogenicity of APOE- p.Val213Glu. The p.Gly145Asp variant, previously is associated inwith dyslipidemia [10,36] and modifies the electric charge of ApoE towards a more acidic charge which couldnegative isoelectric point that may alter its affinity for the receptor. Four of our exonic variants affected aaffect positively charged arginine residues. The p.Arg137Cys and p.Arg137His variants affectedaffect the receptor -binding domain of the protein but more functionaladditional studies are needed to characterize their effects on ApoE function. 	Comment by Editor/Reviewer: 1. Intent preserved? 
2. I suggest isoelectric point which describes the net protein charge. Negative isoelectric point means more acidic.	Comment by Editor/Reviewer: Mutate the receptor-binding or are located in the receptor-binding? “Affect” may suggest that it is a known functional alteration. 	Comment by Editor/Reviewer: Functional studies to characterize function seems redundant. 
The previously described known p.Arg163Cys variant [10] is predicted to be deleterious by all tools and is thus classified as a pathogenic variant in Lyon’s diagnostic lab as well as in one ClinVar report. However, this variant is very frequent, at 2% in the African/African-American population [. This is higher than its threshold filter allele frequency by “Popmax Filtering AF”[37] of 1.98% at 95% CI], and. The p.Arg163Cys variant is thus classified as a benign (B) variant in Boulogne-Billancourt’s diagnostic lab (Table S1).  However, this “Popmax Filtering AF” criteria does not always seem reliable. Indeed, the p.Pro685Leu FH-causing mutation in the LDLR gene is recognized as pathogenic while, whereas a frequency of 0.072 % in the African/African-American population higheris greater than its “Popmax Filtering AF” of 0.019 % at 95% CI. 	Comment by Editor/Reviewer: Because there are many variants discussed, I suggest the word “known” or similar to make clear for reader this is work published by others in addition to the citation.   	Comment by Editor/Reviewer: I suggest specifying the tools for readers. 	Comment by Editor/Reviewer: Intent preserved?
The p.Arg269Gly variant very probably changes helix’sthe properties of the C-terminal helical domain, the  of ApoE resulting in altered receptor interaction with lipoproteins, receptor binding properties [9] and. The variation is predicted to be deleterious by all tools and thus classified is as a VUS/pathogenic variant by Varsome despite its high frequency (of 0.048% in the Non-Finnish European population of GnomAD) (Table S1). The allele frequency observed in thisour ADH/FCHL cohort for c.-78C>G and p.Leu155Phe allowed theallows a change of theirin the pathogenic prediction from VUS and VUS/P (Table 2) to VUS/LP or LP, respectively, as done in Lyon’s diagnostic lab (Table S1). These classification differences illustrate the need for other cohorts analysis, foradditional cohort analyses and functional studies, as highlighted by Chora et al. [38], and for a. In addition, better clinical diagnosisdiagnoses as proposed by Masana et al. for ADH in Spain [39], to will build ana universal consensus.	Comment by Editor/Reviewer: I suggest a new paragraph because a new variant is discussed. 	Comment by Editor/Reviewer: Please indicate what all tools refers to?	Comment by Editor/Reviewer: Is intent preserved? 
Of the ten variants in APOE non-coding regions only one,the variant c.44-1G>C, is predicted Pathogenicas pathogenic through a possible aberrant splicing of APOE mRNA. Its absence in control cohorts (Table 2) and the low wPRS observed for the carrier of this variant carrier (Table 1) are further arguments for the pathogenicity of c.44-1G>C. OneThe variant, c.*25C>T, was is predicted to localizebe located within a miRNA target. Variants in the 3’UTR region of cholesterol homeostasis regulatory genes such as PCSK9 [40] are associated towith modifications in cholesterol levels by miRNA regulation. However, moreadditional studies are needed to explore if c.*25C>T could affectaffects APOE expression. All in all,Future functional studies onin cell models expressing theour identified variants and RNA sequencing couldmay be of great interest in evaluating theirthe pathogenicity of each.	Comment by Editor/Reviewer: I suggest that UTR includes “region”. 	Comment by Editor/Reviewer: “All in all” seems like jargon. I suggest “in the future” or “future functional studies” which conveys the intent.
With the objective of evaluating the polygenic contribution in thisthe ADH/FCHL cohort, we report that a largergreater proportion of ADH cases is ofare polygenic origin among carriers of an APOE variant when compared to ADH non-APOE-carriers (Figure 2). SuggestingThis result indicates that a substantial proportion of the most APOE variants may not be the major ADH cause. And as we might expect of ADH. Also, carriers of an APOE VUS or LB variant most likelyprobably have a polygenic ADH (Figure 3) and, thus, these variants are less likely to be the major ADH cause. Moreover, in this  of ADH. In the APOE-ADH/FCHL cohort, the 12 common LDL-C-raising alleles genotyped alleles that increase LDL-C in the weighted polygenic score (wPRS) hadhave no significant effect on the individual LDL-C level of LDL-C (Figure 4) suggesting). This suggests a major effect ofdue to the carried pathogenic APOE variant or of a variant in another unidentified dyslipidemic gene.	Comment by Editor/Reviewer: To reduce text, I suggest “polygenic” rather than “of polygenic origin”. Intent preserved? 	Comment by Editor/Reviewer: I simplified this paragraph, please check carefully that the intent is preserved throughout. 	Comment by Editor/Reviewer: Consider: probably not?
Statins are the most commonly used cholesterol-lowering drugs worldwide. In a small subgroup of 11 APOE-ADH/FCHL unrelated probands (including 5five p.Leu167del carriers),, we report a fold LDL-C reduction significantly higher greater fold-reduction of LDL-C than estimated for FH patients (who present ADH withdue to a mutation within the LDLR gene) (Table 3). This higherimproved response to statins has been previouslyis described in a cohort of 22 p.Leu167del Spanish carriers [12]. Our results add argumentsargue for the screening forof APOE variants in the journey to diagnose dyslipidemia diagnosis journey, not only for the for p.Leu167del but also forvariants and other rare variants throughout the APOE gene.	Comment by Editor/Reviewer: improved OK?

4. Materials and Methods
4.1. ProbandsProband inclusion
ADH and FCHL probands fromof European origin were recruited between 2012 and 2020 through the French National Research Network on Hypercholesterolemia includingand included 38 clinicians from all over France. ADH inclusion criteria were:criterion was total and LDL-cholesterol C values above the 90th percentile when compared to sex- and age-matched European populations (20, 21) [which correspond). This corresponded to a TC-MoM (see below) above 1.2, and a LDL-MoM (see below) above 1.3].. The FCHL inclusion criteria were: total-cholesterol and TG values above the 90th percentile when compared to sex- and age-matched European populations [41,42] [which correspond. This corresponded to a TC-MoM (see below) above 1.2, and a TG-MoM (see below) above 2.0].. For patients on regular treatment for whom pre-treatment values were not available, the untreated LDL-cholesterol C value was estimated using the correction factors for statins ± ezetimibe medication given by a meta-analysis of 71 reports [31]. 	Comment by Editor/Reviewer: LDL-C?	Comment by Editor/Reviewer: LDL-C?

4.2. Molecular analysis
[bookmark: _Hlk95749053]DNA from peripheral blood leucocytes was amplified using the Multiplicom ADH MASTR assay v2.0 multiplexing kit (Agilent, Santa Clara, CA) or libraries were prepared using Ampliseq, a SeqCapEZ Solution-Based Enrichment strategy (Roche NimbleGen Madison, WI). Sequencing was performed on coding DNA sequencesequences and flanking introns (exon padding+/- 30 bp) of the LDLR, PCSK9, APOB, and APOE genes and SNPs included in the wPRS as previously described [43,44].

4.3. VariantsVariant nomenclature 
Variants were appointed according to the Human Genome Variation Society recommendations (HGVS; https://www.hgvs.org/mutnomen). cDNA was numbered from +1 for A in the ATG translation initiation codon of the reference sequence (NM_000041.4). Amino acidsacid residues were numbered from +1 for the initiating methionine of the protein sequence (NP_000032.1). Hence, 18 was added to the original numbering for ApoE corresponding to the 18 amino acidsresidues forming the signal peptide.	Comment by Editor/Reviewer: named? designated?

4.4. In silico variants analysisvariant analyses
The causal effect of each variant was estimated with in silico prediction tools included in Alamut Visual version 2.15 [PolyPhen-2, SIFT, Mutation taster] (https://www.sophiagenetics.com/platform/alamut-visual-plus/) in addition to Provean (https://provean.jcvi.org) and CADD score (https://cadd.gs.washington.edu/snv). TheirThe potential effect of variations on splicing was assessed using Alamut Visual version 2.15 [MaxEntScan, NNSPLICE, GeneSplicer, ESE tools],] and Human Splicing Finder (http://www.umd.be/hsf/).  The frequency of these variants in a control group representative of the French population was taken from the French Exome Project database (FREX; https://www.france-genomique.org/bases-de-donnees/frex-the-french-exome-project-database/). Their frequencyVariant frequencies in the general population waswere taken from the Genome Aggregation databaseDatabase (gnomAD-v3.1.1; https://gnomad.broadinstitute.org/). ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/), the Leiden Open Variation Database (LOVD; https://www.lovd.nl/), and the Human Gene Mutation Database (HGMD; http://www.hgmd.cf.ac.uk/) were used to search for variants previously reported in a human diseasediseases. The MicroRNA Target Prediction Database was also used (miRDB; http://mirdb.org/).

4.5. Variants classification Variant classifications
Variants were classified according to the American College of Medical Genetics and the Association of Medical Pathologists (ACMG) guidelines [45] given by Varsome (https://varsome.com),(https://varsome.com). This was applied to segregation and allelic inhousein-house data of each diagnostic center (Lyon, Boulogne-Billancourt, Paris),) and to population allelic frequencies in GnomAD (http://gnomad.broadinstitute.org/).	Comment by Editor/Reviewer: Intent preserved?

4.6. Multiple of median for LDL-cholesterolC and Triglyceridetriglyceride level calculation 
The multiple of median (MoM) for the Total-total cholesterol (TC-MoM), LDL-cholesterolC (LDL-MoM) and Triglyceridetriglyceride (TG-MoM) values measured the deviation from the mean of a reference population of individual values. It allowsallowed the comparison of lipidslipid levels adjusted for age and gender using data from a French population forof children [41], and from a Dutch population forof adults [42]. It isThe MoMs are a ratio determined by the following:	Comment by Editor/Reviewer: Intent preserved? 
LDL-/TC-/TG-MoM = (LDL-C/TC/TG of the patient) / (LDL-C/TC/TG of the 50th percentile of his sex and age class)

4.7. Weighted Polygenic Risk Score (wPRS)
For each individual, the wPRS was calculated using the weighted sum of the risk allele for the 12 SNP (LDL-C raising SNPs (alleles increasing LDL-C) and compared to those of 3020 normocholesterolemic men and women of European ancestry from the UK Whitehall II (WHII) cohort study [7]. The 10-SNP wPRS excluded the contribution of the ApoE isoform alleles: 12-SNP wPRS -0.2 for E4E4, -0.1 for E3E4, and +0.2 for E2E4.

4.8. Statistics
Statistical analyses were performed with JMP software (SAS Institute Inc., Cary, North CarolinaNC) and GraphPad Prism® software. NonThe non-parametric Mann-Whitney U test assessed differences between two groups. NonThe non-parametric Kruskall-Wallis test assessed differences among more than two groups. The Spearman r test assessed the correlation between two variables. NonThe non-parametric Wilcoxon matched -pairs test evaluated differences between the observed reduction of LDL-C levels after treatment and the expected reduction. P values ≤ 0.05 were considered statistically significant. Pairwise linkage disequilibriumdisequilibria between the most frequent APOE variants (withhaving minor allele frequencyfrequencies >0.01 % in the 76 index cases from the cohort) was were estimated by using Haploview 4.2 [46] and PLINK [47].

5. Conclusions
In conclusion, throughThrough the APOE sequencing of APOE in patients diagnosed with primary dyslipidemias without a mutation in the LDLR, APOB,, or PCSK9 genes, we report a substantial number of rare variantsvariant carriers. However, the complexitycomplex role of the ApoE role in lipid homeostasis and the limited number of subjects make the interpretation of these variant’svariant pathogenicity very difficult. Indeed, several. Although additional factors influencing this interpretation are needed such as family segregation and functional studies. However may influence our interpretation, we conclude that screening of APOE should be included in the routine diagnosisdiagnoses for ADH and FCHL in order to improve the prognosis and the care management of patients and their family.families.	Comment by Editor/Reviewer: “very difficult” seems redundant. 
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Table S1: Frequency and ACGM classification of the 31 APOE variants.
	rs number
	cDNA position  (NM_000041.4)
	Protein position (NP_000032.1)
	AF in the ADH/FCHL cohort acohorta
	gnomADGnomAD total AF aAFa 
	gnomADGnomAD highest AF aAFa (population b)
	ACMG (Varsome) e
	Diagnostic report in

	
	
	
	
	
	
	
	Lyon eLyone
	Boulogne Billancourt eBillancourte
	Paris eParise

	rs1038445539
	c.-380A>G
	5’UTR variant
	0.017 (2/11,486)
	0.005 (7/152 092)
	0.026 (L/AA, 4/15260)
	na
	VUS
	na
	VUS

	 -
	c.-279G>A
	5’UTR variant
	0.009 (1/11,486)
	0
	na
	na
	VUS
	na
	na

	 -
	c.-233G>C
	5’UTR variant
	0.009 (1/11,486)
	0
	na
	na
	VUS
	na
	na

	 -
	c.-105A>G
	5’UTR variant
	0.009 (1/11,486)
	0
	na
	VUS
	VUS
	na
	VUS

	rs766215051
	c.-81G>A
	5’UTR variant
	0.009 (1/11,486)
	0.003 (5/152,130)
	0.005 (Af/Af-Am, 2/41432)
	VUS
	VUS
	na
	VUS

	rs750782549
	c.-78C>G
	5’UTR variant
	0.026 (3/11,486) d,e
	0.001 (2/152,116)
	0.003 (Af/Af-Am, 1/41416)
	VUS
	VUS/LP
	na
	VUS

	rs770658351
	c.43+11G>A
	p.?
	0.009 (1/11,486)
	0
	na
	VUS
	VUS
	na
	VUS

	 -
	c.44-1G>C
	p.?
	0.009 (1/11,486)
	0
	na
	P
	LP
	na
	P

	rs144354013
	c.31A>G
	p.Thr11Ala
	0.009 (1/11,486)
	0.009 (13/151,914)
	0.072 (L/AA, 11/15248)
	VUS/P
	VUS
	na
	VUS

	rs776242156
	c.68C>T
	p.Ala23Val
	0.009 (1/11,486) d
	0.001 (1/152,206)
	0.002 (Af/Af-Am, 1/41442)
	VUS/LP
	LP
	VUS
	na

	rs111833428
	c.69G>A
	p.Ala23=
	0.009 (1/11,486)
	0.023 (35/152,212)
	0.043 (NFE, 29/68042)
	LB
	VUS
	na
	na

	rs769452
	c.137T>C
	p.Leu46Pro
	0.157 (18/11,486)
	0.193 (293/152,188)
	0.772 (FE, 82/10616)
	LB
	VUS
	B
	LB

	rs767980905
	c.249C>T
	p.Asp83=
	0.009 (1/11,486)
	0.003 (4/152,218)
	0.004 (NFE, 3/68032)
	LB
	VUS
	na
	na

	rs11083750
	c.305C>T
	p.Pro102Leu
	0.009 (1/11,486)
	0
	na
	LP
	VUS
	na
	na

	rs573658040
	c.409C>T
	p.Arg137Cys
	0.009 (1/11,486)
	0.002 (3/152,132)
	0.003 (NFE, 2/67984)
	VUS/P
	VUS
	na
	VUS

	rs11542035
	c.410G>A
	p.Arg137His
	0.009 (1/11,486))
	0.003(5/152,112)
	0.006 (NFE, 4/67996)
	VUS/P
	VUS
	na
	na

	rs267606664
	c.434G>A
	p.Gly145Asp
	0.017 (2/11,486)
	0.015 (22/152,152)
	0.025 (NFE, 17/67992)
	VUS/P
	VUS
	na
	VUS

	rs1018669382
	c.463 C>T
	p.Leu155Phe
	0.009 (1/11,486) d
	0.001 (2/152,148)
	0.005 (Af/Af-Am, 2/41460)
	VUS/P
	LP
	na
	na

	rs769455
	c.487C>T
	p.Arg163Cys
	0.026 (3/11,486) f
	0.643 (978/152,126)
	2.097 (Af/Af-Am, 869/41444)
	VUS/P
	P
	B
	VUS

	rs515726148
	c.500_502delTCC
	p.Leu167del
	0.157 (18/11,486) d,e
	0.003 (4/152,132)
	0.013 (L/AA, 2/15268)
	LP
	LP
	P
	LP

	rs1239911444
	c.517C>T
	p.Leu173=
	0.009 (1/11,486)
	0
	na
	LB
	VUS
	na
	na

	rs1421977676
	c.536T>C
	p.Val179Ala
	0.009 (1/11,486)
	0
	na
	VUS/P
	VUS
	na
	na

	rs781722239
	c.555C>T
	p.Arg185=
	0.009 (1/11,486)
	0.009 (13/151,932)
	0.019 (NFE, 13/67918)
	LB
	VUS
	LB
	na

	 -
	c.638T>A
	p.Val213Glu
	0.009 (1/11,486)
	0
	na
	VUS/P
	VUS
	VUS
	na

	rs72654468
	c.651C>T
	p.Ala217=
	0.026 (3/11,486) f
	0.089 (135/151,926)
	0.144 (L/AA, 22/15268)
	LB
	LB
	B
	na

	 -
	c.652G>T
	p.Gly218Cys
	0.009 (1/11,486)
	0
	na
	VUS/P
	VUS
	na
	VUS

	rs762906934
	c.745G>A
	p.Glu249Lys
	0.009 (1/11,486) d
	0.001 (1/152,172)
	0.002 (Af/Af-Am, 1/41464)
	VUS/P
	LP
	na
	na

	 -
	c.754G>A
	p.Glu252Lys
	0.009 (1/11,486)
	0
	na
	VUS/P
	VUS
	na
	VUS

	rs267606661
	c.805C>G
	p.Arg269Gly
	0.035 (4/11,486)
	0.030 (46/152,200)
	0.049 (NFE, 33/68022)
	VUS/P
	VUS
	LB
	na

	rs374329439
	c.*25C>T
	3’UTR variant
	0.017 (2/11,486)
	0.071 (108/152,194)
	0.317 (FE, 20/10622)
	VUS
	VUS
	B
	VUS

	 -
	c.*36C>G
	3’UTR variant
	0.009 (1/11,486)
	0
	na
	VUS
	VUS
	VUS
	na


[bookmark: _Hlk94748230][bookmark: _Hlk94747961][bookmark: _Hlk94745538][bookmark: _Hlk94747933]a AF: Alleleallele frequency in %  (allele count/number), na: not available. b LbL/AA: Latino/Admixed americanAmerican; Af/Af-Am: African/African-American; NFE: Non-Finnish European; FE: Finnish European. c P: PathogeniccP: pathogenic; LP: Likely Pathogeniclikely pathogenic; VUS: Variantvariant of Uncertain Significanceuncertain significance; LB: Likely Benignlikely benign; B: Benign. d AFbenign. dAF significantly higher in the studied cohort than in the GnomAD total population. e AFeAF significantly higher in the studied cohort than in the GnomAD population with the highest AF. f AFfAF significantly lower in the studied cohort than in GnomAD total population.	Comment by Editor/Reviewer: Please indicate the meaning for greyed lines. 

Table S2: Pairwise linkage disequilibriumdisequilibria for the most frequent APOE variants with minor allele frequencyfrequencies >0.01 % in the 76 index cases of the cohort.
	         
           
 r2


     D’
	rs750782549
c.-78C>G
	rs769452
p.Leu46Pro
	rs429358 (ε4)
p.Cys130Arg 
	rs267606664
p.Gly145Asp
	rs769455
p.Arg163Cys
	rs515726148
p.Leu167del
	rs7412 (ε2)
p.Arg176Cys
	rs267606661
p.Arg269Gly
	rs374329439
c.*25C>T

	rs750782549
c.-78C>G
	
	0.003
	0.040
	0.000
	0.000
	0.003
	0.000
	0.001
	0.000

	rs769452 p.Leu46Pro
	1.0
	
	0.266
	0.002
	0.003
	0.018
	0.012
	0.004
	0.002

	rs429358 (ε4)
p.Cys130Arg 
	1.0
	1.0
	
	0.026
	0.010
	0.068
	0.026
	0.054
	0.007

	rs267606664 p.Gly145Asp
	1.0
	1.0
	1.0
	
	0.000
	0.002
	0.240
	0.000
	0.000

	rs769455 p.Arg163Cys
	1.0
	1.0
	1.0
	1.0
	
	0.003
	0.000
	0.001
	0.000

	rs515726148 p.Leu167del
	1.0
	1.0
	1.0
	1.0
	1.0
	
	0.002
	0.004
	0.002

	rs7412 (ε2)
p.Arg176Cys 
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	
	0.000
	0.000

	rs267606661 p.Arg269Gly
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	
	0.000

	rs374329439 c.*25C>T
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	



D’ values are given below and r2 above the grey diagonal. Association of minor allele with minor allele is indicated in bold.
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