Diagnosis of hemochromatosis in family members
of probands: A comparison of phenotyping and

HFE genotyping

James C. Barton, MD', Barry E. Rothenberg, PhD?, Luigi F. Bertoli, MD", and Ronald T. Acton, PhD’

Purpose: We wanted to compare phenotyping and HFE genotyping for diagnosis of hemochromatosis in 150 family
members of 61 probands. Methods: Phenotypes were defined by persistent transferrin saturation elevation, iron over-
load, or both; genotypes were defined by HFE mutation analysis. Results: Twenty-five family members were C282Y
homozygotes; 23 of these (92%) had a hemochromatosis phenotype. Twenty-three family members had HFE genotype
C282Y/H63D; eight of these (35%) had a hemochromatosis phenotype. Six of 102 (6%) family members who inher-
ited other HFE genotypes had a hemochromatosis phenotype. Conclusion: Phenotyping and genotyping are comple-
mentary in diagnosing hemochromatosis among family members of probands. Genetics in Medicine, 1999; 1(3):89-93
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INTRODUCTION

Hemochromatosis is an autosomal recessive disorder that
affects approximately 0.5% of Caucasians of European descent.!?
Iron absorption in homozygotes is inappropriately high for body
iron content, and many subjects have progressive iron deposi-
tion that causes injury to the liver, joints, pancreas, heart, and
other organs.? Two hemochromatosis-associated mutations in
the HFE gene on chromosome 6p have been identified: cDNA
nucleotide 845 G—A (C282Y) and 187 C—»G (H63D).? These
mutations do not occur simultaneously on the same chromo-
some.>=> To assess HFE genotyping of family members of
hemochromatosis probands as a means to identify persons with
a hemochromatosis phenotype or to assess their risk for iron
overload, we performed a prospective analysis of probands and
their family members who volunteered to undergo clinical assess-
ments for phenotypic evidence of hemochromatosis and HFE
mutation analysis.

PATIENTS AND METHODS
Identification of probands and family members

The performance of this study was approved by the Research
and Human Use Committees of Brookwood Medical Center
and the University of Alabama at Birmingham. We identified
consecutive hemochromatosis probands diagnosed during rou-
tine medical care delivery from June 1996 to June 1998. After
appropriate genetic counseling, probands and family members
were offered the opportunity to undergo testing for HFE gene
mutations and clinical laboratory assessments as a part of a
research protocol. No relatives of probands were diagnosed to
have hemochromatosis before their entry into this study. All
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persons who participated were Caucasians and were volunteers,
but were not otherwise selected. All probands were adults (=18
years of age); all family members (except an 11-year-old boy)
were also adults. We tabulated data on all evaluable family mem-
bers and their corresponding probands.

Diagnosis of hemochromatosis and evaluation of iron overload
Probands

Each proband was diagnosed and evaluated for iron overload
as previously described.® We used the working diagnostic crite-
rion for hemochromatosis of the American College of Pathol-
ogists: elevated fasting transferrin saturation (= 60% males,
= 50% females) on at least two occasions in the absence of other
known causes.? Iron overload was defined as evidence of sys-
temic iron overload demonstrated by otherwise unexplained
elevated serum ferritin concentration (= 300 ng/mL in men,
= 200 ng/mL in women), increased hepatic iron content deter-
mined using hepatic biopsy specimens, or iron = 4 g mobilized
by phlebotomy.>” Concentrations of serum ferritin used in this
paper to diagnose iron overload are based on current recom-
mendations for initiating phlebotomy treatment for hemochro-
matosis.® Genetic criteria were not used to establish the diagnosis
of hemochromatosis in probands.

Family members

In family members, a hemochromatosis phenotype was
defined as the presence of elevated transferrin saturation or iron
overload or both (as described above). Blood specimens for
analysis of serum iron parameters (serum transferrin satura-
tion, serum ferritin concentration) and HFE genotype were
drawn simultaneously in each family member who volunteered
to participate in this study. Family members who had abnor-
mal serum iron parameters underwent subsequent clinical eval-
uations similar to those of probands.>” In all subjects, serum
iron parameters, general clinical evaluation, and analysis of the
HFE mutant alleles (C282Y and H63D) and wild-type (wt) allele
were performed as previously described.’
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Statistical considerations

Our data set consisted of observations of 61 probands and
150 family members. Thirty-five additional probands were diag-
nosed during the study interval. They had similar clinical phe-
notypes and HFE genotypes to those of the 61 probands
described herein but were not included because they had no
family members who volunteered for evaluation. Descriptive
data are presented as percentages or means * 1 SD; statistical
comparisons were performed using chi-square analysis.

Family members

Among 150 family members, 72 (48.0%) were men and 78
(52.0%) were women; the mean age of the family members was
46 * 15 years. Thirty-four of 150 (22.7%) had a hemochro-
matosis phenotype and 60 of 150 (40.0%) had two HFE muta-
tions (Tables 2 and 3). Among 94 first-degree family members
(parents, children, siblings}), 30 (31.9%) had a hemochromato-
sis phenotype. Among 56 non-first-degree family members, four
(7.1%) had a hemochromatosis phenotype. Altogether, 30 of 34
(88.2%) family members with a hemochromatosis phenotype

RESULTS were first-degree relatives of probands.
Relationship of hemochromatosis phenotype and HFE genotype Twenty-five family members were homozygous for the C282Y
Probands mutation. Each of these was a blood relative of the proband,

Among 61 probands, 42 (68.9%) were men and 19 (31.1%)
were women (Table 1). The mean age of the 61 probands was 54
+ 13 years. Of all probands, 51 (83.6%) had two HFE mutations,
7 (11.5%) had a single HFE gene mutation, and 3 (4.9%) had no
detectable HFE mutation. These frequencies are similar to those
previously reported in hemochromatosis probands from our
geographic area.® All of our probands had iron overload. Ten
(16.4%) had hepatic cirrhosis and three (4.9%) had diabetes mel-
litus attributed to iron overload; each of these probands was
homozygous for the C282Y mutation. In aggregate, iron over-
load was more severe among probands who were C282Y homozy-
gotes than among probands who had other HFE genotypes.>*-!!

and 14 of 25 (56.0%) were siblings of probands (Table 2). A
hemochromatosis phenotype was detected in 23 of 25 (92.0%)
C282Y homozygous family members; two family members
(8.0%) had hepatic cirrhosis; and four family members (16.0%)
had diabetes mellitus attributed to iron overload. However, two
C282Y homozygotes (8.0%) had no phenotypic evidence of
hemochromatosis and were detected only by HFE genotyping:
the 11-year-old nephew of one proband and the 32-year-old sis-
ter of another proband (Table 3).

Twenty-three family members were C282Y/H63D compound
heterozygotes, 8 (34.5%) were siblings of probands, and 3 (7.9%)
were spouses or other relatives by marriage (Table 2). Eight of

Table 1
HFE genotypes of 61 hemochromatosis probands

Probands who had
blood relatives with a
hemochromatosis

HFE genotype* Men,n (%)} Women,n (%) All probands, n (%) Serum Ferritin, ng/mL phenotype, n (%)
C282Y/C282Y 29 (69.0) 16 (84.2) 45 (73.8) 1516 = 1443 16 (35.6)
C282Y/H63D 6(14.3) 0(0) (9.8) 493 * 563 5(83.3)
H63D/H63D 0(0) 0(0) 0(0) — —
C282Y/wt 5(11.9) 1(5.3) 6(9.8) 711 * 346 0
H63D/wt 1(2.4) 0(0) 1(1.6) 755 0

wt/wt 1(2.4) 2 (10.5) 3(5.0) 2261 * 2849 1(100)
Total 42 (100) 19 (100) 61 (100) 1358 + 1437 22 (361)

“C282Y, cDNA nucleotide 845 G—A; H63D, cDNA nucleotide 187 C—G; wt, wild-type (normal) HFE allele.

Table 2

HFE genotypes of 150 family members of 61 hemachromatosis probands

Other blood Spouses, other relatives
HFE genotype®  Siblings, n (%) Parents, n (%) Offspring, n (%) relatives,n (%)® by marriage, n (%)*
C282Y/C282Y 14 (33.3) 3(18.8) 5(13.9) 3(16.7) 0(0)
C282Y/H63D 8 (19.0) 5(31.2) 5(13.9) 2(11.1) 3(7.9)
H63D/H63D 1(2.4) 0(0) 1(2.8) 9(50.0) 1(2.6)
C282Y/wt 11(26.2) 7 (43.8) 22(61.0) 3(16.7) 9(23.7)
H63D/wt 2(4.8) 0(0) 2(5.6) 1(5.5) 3(7.9)
wt/wt 6(14.3) 1(6.2) 1(2.8) 0(0) 22(57.9)
Total 42 (100) 16 (100) 36 (100) 18 (100) 38 (100)

#C282Y, cDNA nucleotide 845 G—A; H63D, ¢<DNA nucleotide 187 C—G; wt, wild-type (normal) HFE allele.
¥ Includes grandparents, grandchildren, aunts, uncles, nieces, nephews, and cousins.
¢Includes parents-, children-, brothers-, and sisters-in-law.
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Table 3

Clinical phenotypes and HFE genotypes of 150 family members of 61 hemochromatosis probands

No phenotypic evidence

Age, yr Elevated transferrin Iron overload,” of hemochromatosis,*

HFE genotype“ (n; M, F) {mean * 1S8.D.) saturation, n (%) n (%) n (%)
C282Y/C282Y (25; 14, 11) 45 £ 15 21 (84.0)4 23(92.0) 2(8.0)
C282Y/H63D (23; 14,9) 48 = 11 8(34.8) 7(30.4) 15(65.2)
H63D/H63D (12; 4, 8) 49 = 11 0 0 0
C282Y/wt (52; 22, 30) 53%9 4(7.7) 2(3.8) 48 (92.3)
HG63D/wt (8; 4, 4) 517 2(25.0) 2(25.0) 6(75.0)

wt/wt (30; 14, 16) 47 = 10 1(3.3) 0 29(96.7)

*C282Y, ¢cDNA nucleotide 845 G—A; H63D, cDNA nucleotide 187 C—G; wt, wild-type (normal) HFE allele.

" Evidence of systemic iron overload demonstrated by otherwise unexplained elevated serum ferritin concentration, increased
hepatic iron content, or iron mobilized by phlebotomy of > 4 g.

“No evidence of elevated transferrin saturation or systemic iron overload as defined above.

“Two unrelated women who were C282Y homozygotes had serum ferritin concentrations > 300 ng/mL associated with transfer-

rin saturation values of 35%—47%; both had iron overload demonstrated by therapeutic phlebotomy.

23 (34.8%) family members who were C282Y/H63D compound
heterozygotes had a hemochromatosis phenotype (6 men, 2
women). This frequency of hemochromatosis phenotypes was
significantly less than that observed among family members
who were C282Y homozygotes (34.8% vs. 92.0%, respectively;
P < 0.01). Furthermore, no C282Y/H63D compound het-
erozygotes had hepatic cirrhosis or diabetes mellitus, and iron
overload was generally less severe in these family members than
among those who had a hemochromatosis phenotype associ-
ated with C282Y homozygosity.>*-!! Fifteen of 23 (65.2%) who
were C282Y/H63D compound heterozygotes had no pheno-
typic evidence of hemochromatosis (8 men, 7 women).
Among 12 family members who were H63D homozygotes,
none had a hemochromatosis phenotype. Sixty family mem-
bers were heterozygous for C282Y or H63D mutations; six
(10.0%) had a hemochromatosis phenotype (4 men, 2 women),
but none had hepatic cirrhosis or diabetes mellitus attributed
to iron overload (Tables 2 and 3). Thirty family members had

no detectable HFE mutant alleles, and none had iron overload.
However, the 48-year-old female monozygotic twin of a proband
had only persistently elevated values of transferrin saturation
(her twin sister had elevated transferrin saturation and iron
overload). Taken together, only 4 of 102 (3.9%) family mem-
bers who had H63D/H63D, C282Y/wt, or H63D/wt genotypes
had iron overload (Table 3).

HFE genotypes and pseudodominant patterns of hemochromatosis
inheritance

We observed persons in successive generations who inherited
two HFE mutations in 12 kinships; in eleven of these, we also
identified a hemochromatosis phenotype in persons of succes-
sive generations. We tested the spouses of 20 probands. Eight
spouses (40.0%) had one or more mutant HFE alleles; this per-
centage is similar to the frequency of persons in the general Cau-
casian population in our geographic area who have one or more
HFE mutations (54 of 143; 37.8%).% In five of the eight corre-

101 102
68 years 68 years
I Tf sat 72% Tf sat 26%
Ftn 1,288 ng/mL Ftn 122 ng/mL
C282Y/C282Y C282Y/wt
1 201 202 203 204
41 years 40 years 40 years 39 years
Tf sat 52% Tf sat 83% Tf sat 79% Tf sat 63%
Ftn 183 ng/mL Ftn 1,600 ng/mL Ftn 1,394 ng/mL Ftn 254 ng/mL
C282Y/wt C282Y/C282Y C282Y/C282Y C282Y/C282Y

Fig. 1 This pedigree illustrates the mating of a C282Y homozygote and a C282Y heterozygote.O = male, ® = female, & =
is indicated by an arrow. Phenotype and genotype data: age at diagnosis or evaluation, years; Tf sat, transferrin saturation,
nucleotide 845 G—A; H63D, cDNA nucleotide 187 C—G; wt, wild-type (normal) HFE allele. C282Y, H63D, and wt alleles are
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deccased, ® = hemochromatosis phenotype. The proband
%; Ftn, serum ferritin concentration, ng/mL; C282Y, cDNA
known to exist only on separate chromosomes.
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sponding kinships, we also tested one or more offspring. In each
of the five kinships, we identified offspring who inherited two
mutant HFE alleles and also had a hemochromatosis pheno-
type. Among the kinships, we identified five additional spouse
pairs who had untested offspring at risk to have C282Y homozy-
gosity; four spouse pairs had untested offspring at risk to have
C282Y/H63D compound heterozygosity. Different HFE geno-
types within the same kinship, usually C282Y homozygosity and
C282Y/H63D compound heterozygosity, were associated with
a hemochromatosis phenotype in two or more persons in each
of seven kinships. Pedigrees of our families revealed several com-
binations of HFE genotypes in successive generations that were
associated with hemochromatosis phenotypes; two pedigrees
are depicted in Figures 1 and 2.

DISCUSSION

Our results confirm that hemochromatosis phenotypes and
abnormal HFE genotypes are common among family members
of probands, especially first-degree relatives.!? The frequency
of hemochromatosis phenotypes among our C282Y homozy-
gous family members was particularly high, consistent with pre-
vious observations in other C282Y homozygotes.>*-!! HFE
genotyping identified two C282Y homozygotes (a prepubertal
boy and a premenopausal woman) who did not have a
hemochromatosis phenotype. This is in accordance with obser-
vations that the frequency of clinical expression of hemochro-
matosis is lower in children and premenopausal women than

in men who are middle-age or older."? The C282Y/H63D geno-
type is associated with a relatively low frequency of clinical
expression of hemochromatosis,>-!! and iron overload in per-
sons with this genotype is usually of mild or moderate sever-
ity.>>9-11 Our observations in family members of probands
corroborate these reports. Whether our family members with-
out a hemochromatosis phenotype, especially those who are
C282Y homozygotes or C282Y/H63D compound heterozygotes,
will eventually develop clinical evidence of hemochromatosis
cannot be determined by our study. However, we recommend
that persons with these genotypes undergo measurement of
serum iron parameters every 1 to 2 years. If serum ferritin con-
centrations or other clinical parameters indicate that (even mild)
iron overload has developed, treatment with phlebotomy and
other measures should be initiated.?

Most persons with a hemochromatosis phenotype inherit two
mutant HFE alleles.>>%12 Accordingly, HFE mutation analysis
of family members of hemochromatosis probands can reveal
various genotypes and their associated risks for the develop-
ment of phenotypic evidence of hemochromatosis. Detecting
C282Y homozygosity (or C282Y/H63D compound heterozy-
gosity) in children and young adults who are relatives of probands
and applying estimates of penetrance of these genotypes®>-12
can help predict their future likelihood of developing pheno-
typic evidence of hemochromatosis that will require phlebotomy
therapy to prevent iron overload. Furthermore, our observa-
tions using HFE mutation analysis confirm and extend the

I 101 102
|
11 201 202 203 204
62 years 60 years 59 years 58 years
Tf sat 44% Tf sat 70% Tf sat 23% Tf sat 36%
Ftn 299 ng/mL Ftn 186 ng/mL Ftn 72 ng/mL Ftn 149 ng/mL
C282Y/H63D C282Y/H63D C282Y/wt H63D/wt
I 301 302
38 years 37 years
Tf sat 50% Tf sat 90%
Ftn 320 ng/mL Ftn 1,077 ng/mL
C282Y/H63D C282Y/C282Y

Fig. 2 This pedigree illustrates the mating of a C282Y/H63D compound heterozygote and a C282Y heterozygote. O = male, ® = female, J = deceased, ® = hemochromatosis pheno-
type. The proband, indicated by an arrow, had chronic gastrointestinal blood loss due to ulcerative colitis. Phenotype and genotype data: age at diagnosis or evaluation, years; Tf sat, trans-
ferrin saturation, %; Ftn, serum ferritin concentration, ng/mL; C282Y, cDNA nucleotide 845 G—A; H63D, cDNA nucleotide 187 C—G; wt, wild-type (normal) HFE allele, C282Y, H63D,

and wt alleles are known to exist only on separate chromosomes.
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ability to predict the development of a hemochromatosis phe-
notype in first-degree relatives of probands based on human
leukocyte antigen (HLA) typing.!* HFE genotyping of probands
and family members, especially spouses, also makes it possible
to assess risk for the inheritance of HFE alleles in untested rel-
atives or in future offspring.'

HFE genotyping could lead to periodic monitoring of serum
iron parameters in clinically normal family members some of
whom may never develop iron overload or other evidence of
hemochromatosis. Contrariwise, probands (and family mem-
bers) who have one or no detectable HFE mutations can have a
hemochromatosis phenotype.!® Taken together, only 5.9% and
3.9% of family members who had the HFE genotypes
H63D/H63D, H63D/wt, C282Y/wt, or wt/wt had elevated trans-
ferrin saturation values and iron overload, respectively. This is
consistent with other studies in which persons with iron over-
load were unlikely to have these HFE genotypes.*~>*-'2 Although
these frequencies (5.9% and 3.9%) are approximately 10-fold
greater than the prevalence of hemochromatosis in the general
Caucasian population,'? our data suggest that phenotypic tests
of iron metabolism are more specific for hemochromatosis in
persons with these HFE genotypes (and other family members
predicted to have the same HFE genotypes). Because hemochro-
matosis is common, involves multiple recessive mutations, and
has a variable phenotype, phenotyping and genotyping are com-
plementary in screening for hemochromatosis among family
members of probands. Furthermore, HFE mutations other than
(282Y and H63D have been identified recently,'®!” and it seems
likely that these and additional future discoveries will explain
why hemochromatosis phenotypes sometimes appear among
persons who are heterozygous (or negative) for C282Y or H63D.
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