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HFE-C282Y/C282Y Hemochromatosis Patients Have
Lower Serum Transferrin and Strong Negative
Correlations Between Iron, Ferritin, and Transferrin

Saturation Versus Transferrin Compared
With HFE-wt/wt Wild-Type Subjects

Nils Thorm Milman

Abstract

Background: HFE-C282Y/C282Y hemochromatosis patients have
lower serum transferrin levels than normal individuals, but the reason
for this discrepancy has drawn little scientific attention and remains
unclarified. The objective of this study was to examine transferrin
levels and their correlations with other biochemical iron status mark-
ers in Danish patients with the C282Y/C282Y variant and compare
with corresponding correlations in a population of healthy Danes with
the HFE-wt/wt genotype.

Methods: The study comprised 21 patients (11 men) who completed
a questionnaire about age, number of years with hemochromatosis,
and at least 10 consecutive blood sample results, including ferritin,
iron, transferrin and transferrin saturation (TSAT). The control group
consisted of 958 persons (441 men).

Results: The findings were comparable in both genders: 1) All but
one patient had significantly lower transferrin levels than controls; 2)
Serum iron and ferritin showed negative correlations with transferrin;
3) TSAT displayed strong negative correlations with transferrin; 4)
Positive correlations were present between iron and ferritin, iron and
TSAT, and ferritin and TSAT.

Conclusions: Hemochromatosis patients had lower transferrin lev-
els than controls, contributing to a higher TSAT; the explanation
for this remains unsolved. Patients displayed negative correlations
between iron and ferritin vs. transferrin, as well as negative correla-
tions between TSAT and transferrin, suggesting that high TSAT lev-
els may accelerate the degradation of transferrin. In HFE-patients,
transferrin metabolism is not clarified, and the potential influence
of'the C282Y/C282Y variant is unknown. Contrary to “normal” me-
tabolism, which is primarily regulated by iron levels, many patients
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maintain low transferrin and high TSAT even after iron depletion.
It would be valuable to explore whether this decrease in transferrin
reflects reduced hepatic synthesis or increased degradation. There is
a need for further investigation of this important dilemma in HFE-
hemochromatosis.
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Introduction

HFE-hemochromatosis is characterized by increased serum
iron, elevated serum ferritin and increased body iron stores [1].
Concomitantly, the serum total iron binding capacity (TIBC)
decreases, which is supposed in part to explain the high serum
transferrin saturation (TSAT) in these patients [2]. There seem
to have been no serious attempts to explain this controversial
finding. From a teleological point of view, it would be more
logical if an increased body iron burden would initiate a stimu-
lus for an increased transferrin production, in order to protect
the organism from the toxic potential of free iron radicals in
the form of non-transferrin-bound iron (NTBI) and labile iron
[3].

Most English-speaking countries use the concepts of TIBC
and unsaturated iron binding capacity (UIBC) [2]. In Den-
mark, there is a long-standing tradition in clinical biochemistry
to measure the serum/plasma transferrin concentration per se
when examining body iron status. The earliest transferrin as-
says in Denmark used rocket electrophoresis, developed in the
late 1960s by Laurell, and later, several different immunoas-
says were introduced.

In our previous paper from 1991 [4], 5 years before the
discovery of the HFE gene, we found that subjects with clinical
and preclinical hemochromatosis (based on human leukocyte
antigen (HLA) typing) had significantly lower serum trans-
ferrin than heterozygous and normal individuals. Likewise,
in a recent epidemiological study of a healthy ethnic Danish
population, we demonstrated that subjects carrying HFE vari-
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ants C282Y and/or H63D in any combination had significantly
increased serum iron and serum ferritin concentrations, and
TSAT levels, accompanied by a significant decrease in serum
transferrin levels, compared to healthy HFE-wt/wt control
subjects [5]. These findings inspired us to perform this study
in a group of patients with C828Y/C282Y hemochromatosis to
further validate our previous results.

Materials and Methods

We conducted an anonymous electronic online survey among
the members of The Danish Hemochromatosis Association
[6] with HFE-C282Y/C282Y hemochromatosis in June 2025
using the platform “SurveyPlanet®.” Twenty-one ethnic
Danes responded to the invitation and filled in a question-
naire containing information about gender, age, number of
years with diagnosed hemochromatosis, and the results of at
least 10 consecutive blood samples including hemoglobin,
serum iron, serum transferrin, TSAT, and serum ferritin. All
patients were followed regularly at the regional hemochro-
matosis clinics in Denmark and treated with phlebotomy
when needed. Control blood samples were taken prior to
phlebotomy, and the results were registered in “Min Sund-
hedsplatform” (“My Health Platform”), where Danish citi-
zens can access their laboratory results electronically. In the
following, the prefix “serum” will be omitted from the text
for more smooth reading.

The patients were treated at outpatient clinics all over
Denmark, and the biochemical analyses were performed in dif-
ferent clinical biochemical laboratories using slightly different
analysis methods. As a result, we could not pool the analyses
in the statistical calculations but had to analyze each patient
individually.

The control group was randomly chosen from the World
Health Organization-initiated epidemiological study for the
“Monitoring of Trends and Determinants in Cardiovascular
Disease” (DAN-MONICA), conducted from November 1982
through January 1984. The study was approved by the local
ethics committees, and all participants gave informed consent
for participation and blood sample collection. The study ad-
hered to the Declaration of Helsinki.

The study was performed at the Center for Population
Studies in Glostrup in Copenhagen County, Denmark. The se-
lection of the participants, all residents in Copenhagen County,
has been described in detail elsewhere [5, 7, 8]. In total, 2,280
apparently healthy ethnic Danish men and 2,340 apparently
healthy ethnic Danish women in equal-numbered age cohorts
of 30, 40, 50, and 60 years were drawn at random from the
Census Registry and invited to participate in a health survey;
1,843 men and 1,765 women responded to the invitation. In
a randomly selected subgroup consisting of 1,342 men and
1,271 women, blood samples were available for analysis of
DNA and hematological iron status markers.

The control group had a clinical examination and gave a
medical history including blood donation activity. Blood sam-
ples were drawn once during 1982 - 1984 in the fasting state
between 8:00 am and 11:00 am. Using a minimum of compres-

sion on the upper arm, puncture of an antecubital vein was per-
formed with the person in the recumbent position. Hemoglobin
was measured on Coulter-S. Iron was analyzed by a colorimet-
ric assay using ferrozine as chromogen, and transferrin by an
immunochemical assay with subsequent turbidimetric meas-
urement. TSAT in percent was calculated as: iron (umol/L) x
100/transferrin (umol/L) % 2. Serum was immediately frozen
at -25 °C, and ferritin subsequently measured en bloc by an
immunoradiometric assay (Phadebas Ferritin PRIST®, Phar-
macia Diagnostics, Uppsala, Sweden). The examination of and
the distribution of HFE genotypes in this population has been
described in detail in our previous paper [5].

Statistics

Statistical analyses were performed using the MedCalc® Sta-
tistical Software version 23.3.7 [9]. As ferritin values were
non-normally distributed, even after logarithmic transforma-
tion, correlations were calculated using Spearman’s rank cor-
relation coefficient rho (r,) for non-normally distributed val-
ues, of which the results are given in this paper. In addition, we
calculated correlations using Pearson’s correlation coefficient
r for normally distributed values, and they were either identi-
cal to or very close to the values obtained by using Spearman’s
r,. Comparison of correlation coefficients in the control group
and between patients and controls was performed by a previ-
ously described method [10].

Results

Correlations between iron status markers in non-blood-
donors with the HFE-wt/wt genotype

For more easy understanding, we start by describing the find-
ings in the healthy control group. Among the HFE-genotyped
individuals, only those having HFE-genotype wt/wt were in-
cluded as controls. Subsequently, blood donors were excluded
as blood donation profoundly influenced body iron status [4].
Each control participant had one measurement of iron status
markers, so the calculated correlations were based on cross-
sectional analyses.

Table 1 shows the correlations between iron status mark-
ers. In men, there was a weak correlation between the iron
and ferritin concentrations. Neither iron nor ferritin were
correlated with transferrin concentrations, while there was a
very high correlation between iron and TSAT and a lower, but
still significant correlation between ferritin and TSAT. Nota-
bly, there were slight negative correlations between transfer-
rin and TSAT.

Men having ferritin >300 pg/L, i.e., presumed ample iron
reserves or “iron overload”, had slightly, but significantly,
lower transferrin than men with ferritin 30 - 300 pg/L, i.e.,
“normal” iron status. Only four men had ferritin < 30 pg/L.

In women, there was no correlation between the iron and
ferritin concentrations. Neither iron nor ferritin were correlat-
ed with transferrin concentrations, while there was a very high
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Table 1. Correlations Between Serum Iron Status Markers in Apparently Healthy Adults With HFE-wt/wt Genotype

Iron vs. Iron vs. Ferritin vs. Iron vs. Ferritin Transferrin  Transfer-
ferritin transferrin  transferrin TSAT vs. TSAT vs. TSAT rin, pmol/L

All men (n =441) r,=0.21, r,=0.07, r,=-0.08, r,=0.89, r,=0.23, r,=-0.35, 32.0+4.8
P <0.0001 P=0.8 P=09 P <0.0001 P <0.0001 P <0.0001

Ferritin 30 - 300 pg/L (n=405) r,=0.15, r,=0.07, r,=-0.09, r,=0.90, e, = 0.23, r,=-0.37, 31.8+4.7>¢
P=0.004 P=0.8 P=0.9 P <0.0001 P<0.0001 P<0.0001

Ferritin > 300 pg/L (n = 32) r,=0.18, r,=0.12, r,=0.07, r, = 0.80, r,=0.15, .= -0.08, 29.9+5.2¢
P=0.7 P=0.8 P=09 P<0.0001 P=0.8 P=0.7

All women (n=517) r,=0.07, r,=-0.05, r,=-0.17%, r, =091, r,=0.14, r,=-0.43, 31.3+£5.0
P=09 P=0.8 P=0.0001 P <0.0001 P=0.002 P<0.0001

Ferritin 30 - 300 ug/L (n=377) r,=0.05, r,=0.02, r,=-0.05, r,=0.90, r,=-0.01, r,=-0.39, 30.7 £ 4.6>4
P=09 P=0.8 P=09 P<0.0001 P=09 P<0.0001

Ferritin < 30 pg/L (n = 134) r,=0.21, r,=-0.23, r,=-0.32%, r,=0.95, r,=0.26, r,=-0.49, 33.0 £ 5.44
P=0.07 P=0.047 P=0.005 P <0.0001 P=0.02 P<0.0001

Participants were 45 - 75-year-old men and women, non-blood donors, enrolled in the MONICA study. Spearman’s rank correlation coefficient (r)
was used. Serum transferrin values are presented as arithmetic mean * standard deviation. 2Comparison of correlations: P = 0.1; Student’s t-test
unpaired values, two-tailed: °P = 0.0004; °P = 0.03; 9P < 0.0001. TSAT: transferrin saturation.

correlation between iron and TSAT. Women with “normal”
iron status displayed no correlation between ferritin and TSAT,
while this was present in women with low iron status. As in
men, there were negative correlations between transferrin and
TSAT, especially in women with low ferritin.

Women having “normal” iron status had significantly lower
transferrin than men with “normal” iron status. Women with low
iron status had significantly higher transferrin than those with
“normal” iron status. Only six women had ferritin > 300 pg/L.

Correlations between iron status markers in the C282Y/
C282Y genotype

Twenty-one persons (11 men) fulfilled the questionnaire and
were included. Men had a median age of 69 years (range 44 -
73), had hemochromatosis for median 10 years (range 1 - 19),
and had a median number of consecutive blood samples of 24
(range 11 - 39).

Women had a median age of 57 years (range 48 - 77
years), had hemochromatosis for median 9 years (range 1 -
34), and had a median number of consecutive blood samples of
22 (range 10 - 38). All men had hemoglobin values > 130 g/L
and all women values > 120 g/L prior to phlebotomies. Hemo-
globin values showed no correlation with iron status markers
(data not shown).

Correlations between iron status markers were calculated
separately for each patient using the consecutive laboratory
results.

As an example, the correlations between iron, ferritin,
TSAT and transferrin are shown in detail in graphs in three pa-
tients (Figs. 1-3). The patients were chosen for their high num-
ber of consecutive blood samples and for illustrative purposes.

The results in men are shown in Table 2 and in women
in Table 3. The findings in men and women were comparable
except concerning the correlations between iron vs. transferrin
and transferrin vs. TSAT, where men had significantly higher

negative correlation coefficients than women. As the tables
may be difficult to overview, the results are presented step by
step as follows.

Iron vs. ferritin

All 21 patients showed positive correlations (median 0.51;
range: 0.03 - 0.92), which were significantly different from
the corresponding correlations in controls for nine patients. In
general, correlations were higher than those in controls, show-
ing correlations of 0.07 - 0.21 (Table 1).

Iron vs. transferrin

Seventeen of 21 patients showed negative correlations (me-
dian -0.35; range: -0.01 to -0.68), which were significantly dif-
ferent from those in controls in eight patients. Most of them
differed markedly from the correlations of -0.05 to 0.07 in
controls. Men had higher negative correlations (median -0.38)
than women (median -0.12; P = 0.02).

Ferritin vs. transferrin

Sixteen of 21 patients showed clearly negative correlations
(median -0.59; range: -0.1 to -0.85), significantly different from
the correlations in controls in 13 patients and differing from the
slightly negative correlations of -0.08 to -0.17 in controls.

Iron vs. TSAT

All patients displayed positive correlations (median 0.92;
range: 0.43 - 0.98), being similar to the values of 0.89 - 0.91
in controls.
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Figure 1. The inverse correlation between serum iron and serum transferrin levels in patient M10. Correlation coefficient r, =

-0.68, P = 0.0001.
Ferritin vs. TSAT Transferrin vs. TSAT
Twenty of 21 patients showed clearly positive correlations Twenty of 21 patients showed negative correlations (median
(median 0.51; range: 0.02 to 0.91), in general being higher -0.57; range: -0.11 to -0.92), in general being numerically
than the values of 0.14 to 0.23 in controls. higher than the -0.35 to -0.39 in controls. Men had higher neg-
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Figure 2. The inverse correlation between log,, serum ferritin and transferrin levels in patient F5. Correlation coefficient r, =
-0.75, P < 0.0001.

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | = https:/gr.elmerpub.com 279



HFE-Hemochromatosis: Correlations Between Iron Status Markers

Gastroenterol Res. 2025;18(6):276-285

32

N N N
~ [e3] ©

N
D

Serum transferrin, umo/L

25

24

23
35 45 55

65
Transferrin saturation, %

75 85 95

Figure 3. The inverse correlation between serum transferrin and transferrin saturation levels in patient M1. Correlation coefficient

re =-0.69, P <0.0001.

ative correlations (median -0.69) than women (median -0.37;
P=0.02).

Transferrin concentrations

Twenty of 21 patients had significantly lower transferrin levels
compared with controls. Interestingly, patient M8, displaying
positive correlations between iron/ferritin vs. transferrin also
had a low transferrin concentration.

In men as well as women, the negative correlations be-
tween iron and ferritin vs. transferrin were present both during
induction and maintenance treatment.

In the three patients showing positive correlations be-
tween iron and ferritin vs. transferrin (Tables 2, 3), we could
not check whether their information was correct. However, all
three had significantly lower transferrin levels than controls, in
accordance with all the other patients.

Discussion

One of the key findings of this study is that all HFE-patients
had significantly lower transferrin levels than controls, thus
confirming the primary results from Denmark in 1991 [4] and
a study from Portugal in 2005 [11]. However, even it appears
to be a physiological dilemma, as a low transferrin implies a
higher TSAT and consequently a higher level of NTBI [3], it
has drawn little scientific attention.

Human clinical studies of transferrin synthesis and deg-

280

radation in HFE-hemochromatosis are lacking, so we do not
know whether it may be caused by a direct or indirect influ-
ence of the HFE-C282/C282 variant.

In the control group, women with iron deficiency had
higher transferrin than women with “normal” iron status, and
men with high iron reserves had slightly lower transferrin
than those with “normal” iron status (Table 1), suggesting an
upregulation of transferrin synthesis in iron deficiency and a
downregulation in iron overload. Interestingly, both genders
displayed low negative correlations between TSAT and trans-
ferrin, which consequently should be considered as a “normal”
physiological phenomenon. However, this negative correlation
was far more pronounced in HFE patients.

Another frequently noted aspect is that transferrin is an
acute-phase reactant, declining in states of inflammation [3,
12]. There is evidence that iron overload can induce inflam-
mation by the Fenton reaction, which may contribute to low
transferrin levels [13, 14].

Could the low transferrin be a physiological consequence
of iron overload, as suggested by the finding in controls? Con-
sider that both iron and ferritin show negative correlations
with transferrin in HFE-patients; however, this correlation is
present both during induction and subsequent maintenance
treatment, when the iron surplus has been removed. In fact, in
clinical practice, many HFE-patients, despite iron deprivation,
have persistently low transferrin levels and high TSAT levels,
which decline only when the patients are on the edge of iron
deficiency (Supplementary Materials 1-3, gr.elmerpub.com).

We can only speculate whether the low transferrin may be
caused by 1) decreased synthesis and normal degradation; 2)
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Table 2. Correlations Between Serum Iron Status Markers in Men With HFE-C282Y/C282Y Hemochromatosis

Mecmvicmy gk (S aferrin TSAT v TSAT  veTSAT  rin pmoll

M1, 73 yrs, M (n = 39) r,=0.54 r,=-0.60 r,=-0.47 r,=0.98 r,=0.51 r,=-0.69 27.6 +1.8
P=0.0004 P=10.0001 P <0.0001 P <0.0001 P=10.001 P <0.0001 P <0.0001°
P=0.01? P=0.0012 P=0.0032 P=1.0° P=0.03* P=0.0032

M2, 44 yrs, I (n = 26) r,=0.03 r,=-0.50 r,=0.01 r,=0.93 r,=0.02 r,=-0.75 249+29
P=0.9 P=10.001 P=0.6 P <0.0001 P=0.9 P <0.0001 P <0.0001°
nr? P=0.0132 nr? P=1.02 nr? P=0.0022

M3, 69 yrs, I (n = 14) r,=0.92 r,=-0.64 r,=-0.71 r,=0.92 r, =091 r,=-0.82 23.2+1.9
P <0.0001 P=0.02 P=0.006 P <0.0001 P <0.0001 P=0.0006 P <0.0001°
P=1.02 P=0.0032 P <0.0042 P=0.3 P=1.0° P=0.005*

M4, 69 yrs, I (n = 15) r, =047 r,=-0.17 r,=-0.63 r,=0.83 r,=0.21 r,=-0.20 23.1+£1.9
P=0.08 P=0.5 P=0.01 P=0.0001 P=0.5 P=0.5 P <0.0001°
P=0.22 nr? P=0.012 P=0.22 nr? nr?

MS, 77 yrs, M (n = 26) r,=0.28 r,=-0.30 r,=-0.59 r,=0.93 r,=0.46 r,=-0.57 30.3+£2.7
P=0.2 P=0.1 P=0.002 P <0.0001 P=0.02 P=0.003 P=0.022°
nr? nr? P=0.032 P=0.1% P=0.12 P=0.09*

Meé, 77 yrs, I (n = 30) r,=0.78 ,=-0.41 . =-0.61 r,=0.94 r,=0.84 . =-0.67 26.3+2.0
P <0.0001 P=0.02 P=0.0004 P <0.0001 P <0.0001 P <0.0001 P <0.0001°
P=1.0° P=0.005* P<0.0012 P=0.052 P=0.2?2 P=0.032

M7, 61 yrs, I (n=11) r,=0.77 r,=-0.16 r,=-0.58 r,=0.43 r,=0.82 r,=-0.92 242 +3.0
P=0.04 P=0.02 P=0.2 P=0.3 P=0.02 P=0.004 P <0.0001°
P=0.01? P=0.3? P=0.052 nr® P=0.005* P=0.001?

MS8¢, 73 yrs, M (n = 24) r,=0.38 r,=0.28 r,=0.24 r,=0.90 r =047 r,=0.04 245+ 1.7
P=0.07 P=0.2 P=0.2 P=0.005 P=0.03 P=0.8 P <0.0001®
nr? nr? nr? P=04* P=0.12 nr?

M9, 63 yrs, I (n=13) r,=0.53 r,=-0.36 r,=-0.66 r,=0.68 r,=0.69 r,=-0.62 21.6+1.0
P=0.06 P=0.2 P=0.01 P <0.0001 P=0.009 P=0.003 P <0.0001°
P=0.12 nr? P=0.012 P=0.032 P=0.03* P=0.1?

M10, 63 yrs, M (n = 30) r,=0.51 r,=-0.68 it, =039 r,=0.93 r,=0.49 r,=-0.79 27.4+1.8
P=10.004 P=10.0001 P=10.03 P <0.0001 P=10.008 P <0.0001 P <0.0001°
P=0.042 P=0.022 P=0.042 P=0.12 P=0.06* P=0.001?

M11, 63 yrs, [ (n=15) r,=0.59 r,=-0.38 r,=-0.85 r,=0.68 r,=0.88 r,=-0.83 312+ 1.7
P=0.02 P=0.2 P=0.0001 P=0.005 P <0.0001 P=0.0001 P=0.3"
P=0.06* P=0.052 P=0.01? P=0.022 P=0.03* P=0.0022

Spearman’s rank correlation coefficient (r,) between serum iron status markers was used. Serum transferrin values are presented as arithmetic mean
+ standard deviation. 2Comparison with corresponding r; for the all-men control group (Table 1) (I = induction treatment; M = maintenance treatment;
nr = not relevant). ®°Comparison with corresponding transferrin values for the all-men control group (Table 1). °M8 differ by showing positive correla-
tions between iron and ferritin vs. transferrin. TSAT: transferrin saturation; yrs: years; n: number of consecutive blood samples; I: induction treatment;

M: maintenance treatment.

decreased synthesis and increased degradation; 3) normal syn-
thesis and increased degradation; 4) increased synthesis and
even higher degradation.

Serving as the primary iron transporter, transferrin carries
iron from sites of intestinal absorption, from macrophages, and
from the liver to the tissues to fulfil their demands for iron.

Iron uptake is then mediated by transferrin receptors present
on cell membranes [15].

The synthesis of transferrin occurs predominantly in the
liver, and its half-life is about 8 - 10 days. It is estimated that
the transferrin molecule can deliver iron to the cells 100 times
before degradation. It is generally stated that transferrin pro-
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Table 3. Correlations Between Serum Iron Status Markers in Women With HFE-C282Y/C282Y Hemochromatosis

Womenc2mviczszy ORER (O amsferrin | TSAT v TSAT v TSAT  rinpmeli

F1,53 yrs, I+ M (n=38) r,=0.47 r,=-0.35 r,=-0.64 r,=0.93 r,=0.63 r,=-0.59 227+ 1.5
P=0.0003 P=10.032 P <0.0001 P<0.0001 P<0.0001 P=0.0001 P <0.0001°
P=0.0042 P=10.0142 P=10.0012 P=0.32 P=1.02 P=0.1#

F2, 53 yrs, M (n = 13) r,=0.85 r,=-0.15 r,=-0.31 r,=0.92 r,=0.86 r,=-0.37 23.1£1.5
P=0.0002 P=0.6 P=03 P<0.0001 P=0.0002 P=0.2 P <0.0001°
P=0.0012 nr? nr? P=0.4* P=0.012 nr?

F3,34 yrs, M (n=10) r,=0.09 r,=0.39 r,=-0.37 r,=0.92 r,=0.06 r,=-0.37 257+1.8
P=0.8 P=03 P=03 P=0.0002 P=09 P=03 P =0.0005"
nr? nr? nr? P=04* nr? nr?

F4, 34 yrs, M (n = 10) r,=022 r,=-0.09 r,=-0.13 r,=0.97 r,=0.19 r,=-0.31 19.8+0.4
P=0.5 P=0.8 P=0.7 P<0.0001 P=0.6 P=04 P <0.0001°
nr? nr? nr? P=0.072 nr? nr?

F5, 59 yrs, I (n = 30) r,=0.36 r,=-0.21 r,=-0.75 r,=0.89 r,=0.61 r,=-0.51 23.8+2.6
P=0.05 P=03 P <0.0001 P<0.0001 P=0.0003 P=0.004 P <0.0001°
P=0.0 nr P=10.0012 P=0.32 P=10.0022 P=0.3?

F6¢, 48 yrs, M (n = 15) r,=0.83 r,=0.06 r,=0.29 r,=0.77 r,=0.76 r,=-0.11 253+ 1.1
P=0.0001 P=0.6 P=04 P=0.0009 P=0.0001 P=0.7 P <0.0001°
P=0.001? nr® nr? P=0.042 P=0.0022 nr®

F7,70 yrs, I (n=12) r,=0.52 r,=-0.01 r,=-0.31 r,=0.94 r,=0.56 r,=-0.31 287+ 1.5
P=10.08 P=0.9 P=03 P<0.0001 P=0.06 P=03 P <0.0001°
P=0.0012 nr? nr? P=0.32 P=0.072 nr?

F8¢, 63 yrs, M (n = 30) r,=0.40 r,=0.13 r,=0.43 r,=0.85 r,=0.18 r,=-0.33 239+1.6
P=0.03 P=0.5 P=0.02 P<0.0001 P=03 P=10.08 P <0.0001®
P=10.06* nr? P=0.00012 P=0.092 P=0.42 P=0.92

F9, 54 yrs, M (n =29) r,=0.34 r,=-0.20 r,=0.49 r,=0.85 r,=0.18 r,=-0.48 23.2+1.2
P=10.07 P=03 P=0.008 P<0.0001 P=0.04 P=0.009 P <0.0001°
P=0.0082 nr? P=10.004 P=10.09* P=042 P=04*

F10, 77 yrs, M (n = 30) r, =042 r,=-0.42 r,=-0.10 r,=0.87 r,=0.36 r,=-0.57 26.6 +2.1
P=0.02 P=0.02 P=0.6 P<0.0001 P=0.05 P=10.0009 P <0.0001°
P=0.0082 P=10.08 nr? P=0.2?2 P=0.12 P=0.2?2

Spearman’s rank correlation coefficient (r,) was used. Serum transferrin values are presented as arithmetic mean + standard deviation. 2Comparison
with corresponding r, for the all-women control group (Table 1) (I = induction treatment; M = maintenance treatment; nr = not relevant). "Comparison
with corresponding transferrin values for the all-women control group (Table 1). °F6 and F8 differ by showing positive correlations between iron and/
or ferritin vs. transferrin. TSAT: transferrin saturation; yrs: years; n: number of consecutive blood samples.

duction is upregulated in iron deficiency and downregulated
in iron overload [12], but these statements lack relevant ref-
erences, and there appear to be sparse clinical human studies
to support these statements. No studies seem to have meas-
ured the rate of transferrin synthesis in simple iron deficiency
and simple iron overload. However, in simple iron deficiency,
soluble serum transferrin receptor is clearly upregulated as the
cells are craving more iron [15].

Our results show that in apparently healthy men and
women with “normal” iron status, there exist no significant
correlations between iron and ferritin vs. transferrin. However,

women with iron deficiency had significantly higher transfer-
rin and displayed inverse correlations between iron and fer-
ritin vs. transferrin, indicating an upregulation of transferrin
production (Table 1). Thereby supporting the above statement
with respect to iron deficiency.

Healthy men with ferritin values above 300 pg/L, like men
with “normal” iron status, showed no correlations between iron
and ferritin vs. transferrin, suggesting that the high ferritin val-
ues may be physiological and not of pathological significance.
Notably, transferrin levels were slightly but significantly lower
in these men, suggesting a downregulation of transferrin syn-
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thesis in men with ample body iron reserves. However, our
series was too small to draw firm conclusions.

There seem to be no studies of transferrin synthesis in
HFE-C282Y/C282Y-knock-in mice. A study in HFE-knock-
out mice reported that these mice degraded transferrin signifi-
cantly faster than normal wild-type mice and had significantly
lower transferrin concentrations [16]. They found a highly
significant inverse correlation between TSAT and transfer-
rin half-life for both HFE-deficient and wild-type mice. The
authors concluded that “HFE does not seem to have a direct
effect on transferrin catabolism but may influence transferrin
half-life indirectly through its effect on TSAT, which in turn
enhances transferrin decay in HFE-deficient mice.” The study
suggests that a high TSAT may increase transferrin degrada-
tion, possibly through wear and tear. It is, however, dubious
whether we can transfer the results from HFE-deficient mice
to subjects who are not HFE-deficient but have the C282Y/
C282Y variant.

A study used the human hepatoma cell line HepG2, which
is HFE-wt/wt, to investigate the effect of different iron lev-
els in the media on transferrin synthesis [17]. They reported
that transferrin synthesis was consistently decreased follow-
ing treatment with iron in the form of hemin or ferric citrate,
compared to treatment with the iron chelator, desferrioxamine.
Thus, that study provided evidence that iron per se can con-
tribute to the regulation of transferrin synthesis in hepatocytes.
Again, it is questionable whether one may transfer the results
from HFE-wt/wt hepatocytes to subjects having hepatocytes
presenting the C282Y/C282Y variant.

At least two hypotheses can be proposed regarding trans-
ferrin synthesis/degradation: 1) Iron levels by itself regulate
the process, e.g., synthesis is upregulated in iron deficiency (as
reflected by high transferrin in women with ferritin < 30 pg/L)
and downregulated in iron overload (as reflected by lower
transferrin in men with ferritin > 300 pg/L). 2) The C282Y/
C282Y variant may affect transferrin synthesis or, more likely,
its degradation, through inappropriately high TSAT, persisting
even when iron reserves are low and wearing out the transfer-
rin molecule faster than normal. The latter assumption is sup-
ported by the mouse study [16] and the fact that both controls
and patients (except M8) in the present study displayed con-
sistently negative correlations between TSAT and transferrin
(Tables 1-3).

The positive correlations between iron and ferritin reflect
the close interrelationship between these two iron status pa-
rameters, in which the primary event is increased iron absorp-
tion, followed secondarily by increased ferritin synthesis. This
may indirectly explain why ferritin, like iron, also displays
negative correlations with transferrin. This finding is support-
ed by the results in a HepG2 cell study [18].

The initial biochemical hallmark of HFE-hemochromato-
sis is an elevated TSAT, which occurs even before ferritin and
iron reserves start to rise [3], suggesting that the culprit is asso-
ciated with the C282Y/C282Y gene. The consistently inverse
correlations between iron and transferrin and between ferritin
and transferrin in HFE-patients, compared to controls, appear
to be a novel finding. Why are there inverse correlations be-
tween iron and ferritin concentrations vs. transferrin concen-

trations? To what extent do lower transferrin levels contribute
to an even higher TSAT? Is the hemochromatosis genotype as-
sociated with an abnormal downregulation of transferrin syn-
thesis, or is this a “normal” physiological response? Could the
transferrin molecules in any way be dysfunctional, undergo-
ing faster degradation despite a possibly increased synthesis?
A recent paper using genome-wide association study (GWAS)
in C282Y/C282Y homozygotes identified the rs3811647 poly-
morphism in the transferrin gene as being associated with iron
metabolism by influencing iron and transferrin levels [19]. The
frequency of rs3811647 GG homozygosity was around 43%
in their patient series, being similar to the frequency in the
background population. Whether this mutation contributes to
higher TSAT awaits further evaluation. There exist methods
to measure transferrin synthesis in humans, but to the knowl-
edge of the author, they have not been applied to patients with
hemochromatosis. However, the HepG2 HFE-wt/wt cell stud-
ies showed that cellular transferrin synthesis is reduced in the
presence of iron surplus and increased in the iron deficient
state, indicating a direct effect of iron on this process [17].

There are no studies on liver cell tissue from hemochro-
matosis patients. Further clinical studies of transferrin synthe-
sis are indicated to answer these important questions.

To make the understanding of the logistics of iron me-
tabolism even more complex, studies using cell cultures have
shown that the wild-type HFE protein forms a stable complex
with the transferrin receptor on the cell membrane, which de-
creases its affinity for transferrin-iron binding. However, the
mutated C282Y protein markedly eliminates this interaction,
which in hemochromatosis results in increased cellular trans-
ferrin-iron uptake and contributes to excessive cellular iron
deposition [20, 21].

In healthy individuals, iron deficiency (TSAT below 25%)
increases the serum soluble transferrin receptor levels, while
iron overload decreases them. However, illogically, it appears
that C282Y hemochromatosis patients have an upregulation
of the soluble transferrin receptor starting already when TSAT
drops below 50% [22], which contributes to a further increase
of iron transport into the cells. This observation suggests that
the HFE protein is involved as a sensor of systemic iron avail-
ability.

Thus, the HFE-C282Y variant, in the present socioeco-
nomic settings, has multiple inappropriate effects on iron me-
tabolism. It affects the hepcidin iron pathway, causing intesti-
nal hyperabsorption, and also alters cellular iron logistics with
low serum transferrin levels, increased affinity for the trans-
ferrin-iron complex to the transferrin receptor, and upregula-
tion of the cellular transferrin receptor, even in states of iron
overload.

Conclusions

HFE-C282Y/C282Y hemochromatosis patients have mark-
edly lower serum transferrin levels than healthy HFE-wt/wt
control persons, which contribute to a higher TSAT; the ex-
planation for this remains unsolved. Furthermore, hemochro-
matosis patients display clear negative correlations between
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serum iron and serum ferritin vs. transferrin, as well as high
negative correlations between TSAT and transferrin, suggest-
ing that high TSAT levels accelerate the degradation of trans-
ferrin, as shown in HFE-knock-out mice [16].

Healthy subjects with low ferritin (< 30 pg/L) have high-
er transferrin, and those with high ferritin (> 300 pg/L) have
lower transferrin than subjects with “normal” iron status, sug-
gesting a direct effect of iron on transferrin synthesis. This is
supported by studies in HepG2-HFE-wt/wt cells [17].

The mechanisms responsible for transferrin metabolism,
i.e., synthesis and degradation, in hemochromatosis patients
are not clarified, and the possible influence of the C282Y/
C282Y variant on these processes is unknown. Contrary to a
“normal” physiologic metabolism, which is mainly regulated
by serum iron levels (see above), transferrin remains low and
TSAT high even in many iron-depleted hemochromatosis pa-
tients. It would be valuable to explore whether this decrease
in transferrin reflects reduced hepatic synthesis or increased
degradation. There is a definite need for further investigation
of this important dilemma in HFE-hemochromatosis.

Supplementary Material

Suppl 1. A 73-year-old male patient M1 (results of 37 con-
secutive blood samples during maintenance treatment) who
was treated for HFE-C282Y/C282Y hemochromatosis for 19
years.

Suppl 2. A 59-year-old female patient F5 (results of 30 con-
secutive blood samples during induction treatment) who was
treated for HFE-C282Y/C282Y hemochromatosis for 3.5
years.

Suppl 3. A 63-year-old male patient M10 (results of 28 con-
secutive blood samples during maintenance treatment) who
was treated for HFE-C282Y/C282Y hemochromatosis for 13
years.
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