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Focus on HFE

p.H63D and p.S65C 
affect the α1 binding 
groove but do not 
prevent HFE 
presentation on cell 
surfaces.

p.C282Y disrupts a 
critical disulfide bond 
in the α3 domain of 
HFE, abrogating its 
binding to β2M and 
limiting its localization 
mostly to the 
cytoplasm

PMID: 26456104

FAF% in 
GnomAD V4

Major 
ancestry 

group

MAF %
 in AllofUs

c.845G>A 
(p.Cys282tYr) 7.00 European 4.00
c.187C>G 
(p.His63Asp) 15.00 European 11.00
c.193A>T 
(p.Ser65Cys) 1.60 European 1.00



C282Y MAF by ancestry

HFE c.845G>A (p.Cys282Tyr) 

Data 
From



Mixed ancestry leads to C282Y alleles in 
each All of Us ancestry groups

HFE c.845G>A (p.Cys282Tyr) in AllofUS database
Data 
From



0.26% of 
AllofUs

participants 

African 1.3%

European 93%

Latin American 4%

Remaining 2%

0.42% in 
GnomAD v4

African/African American 0.18%

European  95%

Admixed American 0.3%

South Asian 0.03%

Amish 0.09%

Ashkenazi Jewish 0.18%

Remaining 4.6%
Expect HFE C282Y/C282Y in 
1/300 persons of European 
ancestry

C282Y/C282Y genotype ancestry diversity



Other rare HFE mutations have been reported in compound heterozygosity with p.C282Y in single 
families and delimited geographical clusters, and rare HFE deletions have been described only in 
Sardinia (Italy) 

Data 
From

H63D C282Y

Rare pathogenic HFE variants



Potentially pathogenic 
variants in HFE

FAF% in 
GnomAD V4

Major ancestry 
group

MAF % in AllofUs

c.187C>G (p.His63Asp) 15.00 European 11.00
c.845G>A (p.C282Y) 7.00 European 4.00
c.193A>T (p.Ser65Cys) 1.60 European 1.00
c.1015_1016insG 
(p.M339fs) 0.0420 African American 0.0163
c.1006+1G>A 0.0253 East Asian 0.0045
c.546_547del (p.L183fs) 0.0058 Admixed American 0.0006
c.1022_1034del 
(p.H341fs) 0.0030 European 0.0008
c.480del (p.R161fs) 0.0030 European 0.0008
c.277G>C (p.G93R) 0.0027 European 0.0012
c.279del (p.Trp94fs) 0.0025 European 0.0006
c.616+1G>T 0.0015 European 0.0002
c.548T>C (p.L183P) 0.0014 European 0.0020
c.211C>T (p.R71*) 0.0009 East Asian 0.0004
c.892G>T (p.Glu298*) 0.0005 European 0.0006
c.414C>G (p.Y138*) 0.0004 Admixed American -
c.697C>T (p.Q233*) 0.0002 European -
c.832C>T (p.Gln278*) 0.0002 south asian -
c.502G>T (p.E168*) 0.0001 European 0.0002
c.340+1G>A 0.0001 -
c.989G>T (p.R330M) 0.0001 European -
c.506G>A (p.W169*) 0.0001 European -
c.848A>C (p.Q283P) 0.0001 European 0.0002
c.892+1G>T 0.0001 European -
c.968del (p.Gly323fs) 0.0001 African American 0.0002
c.626del (p.L209fs) 0.0001 European -

Data 
From

Rare pathogenic HFE variants 



Phenotype Gene‡

Cancer susceptibility and tumor 
diseases 

APC, BMPR1A, BRCA1, BRCA2, MEN1, MLH1, MSH2, MSH6, 
MUTYH#, NF2, PALB2, PMS2, POLD1, POLE, PTEN, RB1, RET, 
SDHAF2, SDHB, SDHC, SDHD, SMAD4, STK11, TSC1, TSC2, TP53, 
VHL, WT1

Cardiac Diseases ACTA2, ACTC1, COL3A1, COL5A1, DSC2, DSG2, DSP, FBN1, GLA+, 
HFE, KCNE1§, KCNH2, KCNJ2, KCNQ1, LMNA, MYBPC3, MYH7, 
MYH11, MYL2, MYL3, MYLK, PKP2, PRKAG2, RYR2, SCN5A, 
SMAD3, TGFBR1, TGFBR2, TMEM43, TNNI3, TNNT2, TPM1

Hypercholesterolemia APOB, LDLR, PCSK9

Diabetes & Kidney Disease HNF1A, HNF1B, HFE (C282Y/C282Y only)

Ehlers-Danlos Syndrome COL3A1, COL5A1

Neuromuscular Diseases CACNA1S, RYR1

Ornithine Transcarbamylase (OTC) 
Deficiency

OTC+

‡ non-ACMG genes are indicated in blue 

+x-linked, #recessive, § dominant or recessive

Genes for which Pathogenic or Likely Pathogenic Variants will be Returned as Incidental Findings

Actionable Gene Consensus List for eMERGE III



eMERGE3 Actionable Incidental Findings by Gene
(N=21,915 , 66% self-identified as “white”)

Gordon et al. 2020, PMID 32546831
Later ACMG



eMERGE3 Actionable Incidental Findings by type of gene
(N=21,915, 66% self-identified as “white”)

Gordon et al. 2020, PMID 32546831

96% self-report 
“white”

HFE 
C282Y/C282Y



Hemochromatosis penetrance in eMERGE3

MALE (N=222) FEMALE (N=273)
C282Y/C282Y 

(N=47)
C282Y/H63D 

(N=175) p-value C282Y/C282Y 
(N=51)

C282Y/H63D 
(N=222) p-value

CLINICAL
Diagnosis rate HH 24.4% (11/45) 3.4% (6/174) <0.001 14.0% (7/50) 2.3%  (5/218) <0.001
Liver disease 34.3% (12/35) 24.4% (29/119) 0.279 29.0% (9/31) 29.0% (42/145) 1

Liver biopsy (not 
incidental to gastric 
bypass) 10.9% (5/46) 1.8% (3/166) 0.013 9.1% (4/44) 2.0% (4/205) 0.035

Liver cirrhosis a 4.5% (2/44) 4.8% (8/166) 1 2.5% (1/40) 4.9% (10/203) 0.697
Other chronic liver 

disease b 7.0% (3/43) 6.7% (11/164) 1 0% (0/41) 7.8% (16/205) 0.081
Hepatocellular 

carcinoma 0% (0/46) 0%  (0/169) NA 0% (0/50) 0% (0/218) NA
Congestive heart failure 21.7% (10/46) 16.8% (29/173) 0.515 18.4% (9/49) 8.7% (19/219) 0.067
Cardiomyopathy 6.7% (3/45) 7.5% (13/174) 1 4.1% (2/49) 1.8% (4/218) 0.304
Diabetes 44.7% (21/47) 28.0% (49/175) 0.034 12.0% (6/50) 19.5% (43/220) 0.308
Arthritis 29.5% (13/44) 35.3% (61/173) 0.594 26.0% (13/50) 30.3% (66/218) 0.609
Hypogonadism 2.2% (1/45) 1.8% (3/167) 1 NA NA NA
FAMILY HISTORY
Family history of HH 8.1% (3/37) 0% (0/157) 0.006 6.7% (3/45) 1.5% (3/199) 0.078

Gallego et al. PMID: 26365338, 2015 



Hemochromatosis penetrance in eMERGE3, 
continued

MALE (N=222) FEMALE (N=273)
C282Y/C282Y 

(N=47)
C282Y/H63D 

(N=175) p-value C282Y/C282Y 
(N=51)

C282Y/H63D 
(N=222) p-value

CLINICAL
Diagnosis rate HH 24.4% (11/45) 3.4% (6/174) <0.001 14.0% (7/50) 2.3%  (5/218) <0.001
LABORATORIES

AST > 80 u/L 2.5% (1/40) 12.4% (19/153) 0.082 8.5% (4/47) 8.9% (17/191) 1
ALT > 110 u/L 0% (0/35) 7.5% (10/133) 0.124 5.1% (2/39) 8.2% (13/158) 0.740
Transferrin Saturation 
> 50% 100% (9/9) 37.5% (6/16) 0.003 50.0% (4/8) 37.5% (15/40) 0.695
Ferritin >200 
ng/mL(females); >300 
ng/mL(males) 77.8% (14/18) 33.3% (8/24) 0.006 30.8% (4/13) 30.2% (16/53) 1

Gallego et al. PMID: 26365338, 2015 



Age dependent penetrance can 
underestimate impact in cross-
sectional data

Kaplan-Meier curves of HH diagnosis. 
Frequency of HH diagnosis with age by 
sex, for HFE p.C282Y homozygotes. Each 
crosshair represents a new HH diagnosis

UK Biobank data in next talk by Dr. Melzer

Gallego et al. PMID: 26365338, 2015 



2021: 73

ACMG recommends return of incidental 
(secondary) findings

2013: 56 gene-disease pairs
2016: 59 (+4, -1)



Why did it take so long to add 
HH/HFE to the AMCG list?
 Autosomal recessive
 Lower penetrance (sex dependent) than earlier 

conditions
 Evidence of higher penetrance and morbidity than 

previously reported likely impacted inclusion
 Mitigated by low risk actionability

 ACMG ~ Opportunistic screening – what about 
population screening?
 Prior underestimates of penetrance and morbidity



Wilson and Jungner population 
screening criteria, 1968
1. The condition sought should be an important health problem.
2. There should be an accepted treatment for patients with recognized disease.
3. Facilities for diagnosis and treatment should be available.
4. There should be a recognizable latent or early symptomatic stage.
5. There should be a suitable test or examination.
6. The test should be acceptable to the population.
7. The natural history of the condition, including development from latent to 

declared disease, should be adequately understood.
8. There should be an agreed policy on whom to treat as patients.
9. The cost of case-finding (including diagnosis and treatment of patients 

diagnosed) should be economically balanced in relation to possible 
expenditure on medical care as a whole.

10.  Case-finding should be a continuing process and not a ‘once and for all’ 
project.

Genetic disorders, 2009: PMID: 19556749
50 year discussion, 2020: PMID: 32923689
DNA based screening, 2021: PMID: 33790422



HH Population Screening
 Likely just C282Y allele
 Likely as part of a tier 1 panel
 See Jenssen et al NEJM 2023, re excess mortality 

across actionable genes (PMID: 37937776)
 Benefit for more and diverse persons (~2% in US 

population)
 Likely more cost effective (See PMID 37983801)

 What are the data needed to test the value of 
population screening?
 Who (age), what, where, when, how?
 Follow-up care?
 See NHGRI Genomic Medicine XV, 2023
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Actionable Incidental Findings in eMERGE3
(N=21,915; Gordon et al. 2020, PMID 32546831)

Positive: 3.02% 
  (n=661)

Negative:
 96.98% 

(N=21,254)

e MERGE CLINICAL ANNOTATION WORKGROUP

Self-reported 
Race/ethnicity

Number of 
participant
s

Number of 
Incidental 
Findings

Incidental 
Findings Rate 
% (95% CI)

American 
Indian, Alaska 
Native, or 
Pacific Islander

75 1
1.18 

(0.26 – 7.87)

Hispanic or 
Latinx

1175 24
2.04 

(1.28 – 3.34)
Black or 
African-
American

3281 81
2.47 

(2.25 – 3.55)

Asian 1497 41
2.74 

(2.06 – 3.81)

White 14539 450
3.09 

(3.01 – 3.57)
Unknown / 
Not reported

1348 64
4.75 

(2.87 - 5.09)
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