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Tumor necrosis factat promoter polymorphisms influence the phenotypic
expression of hereditary hemochromatosis

Silvia Fargion, Luca Valenti, Paola Dongiovanni, Anna Scaccabarozzi, Anna Ludovica Fracanzani, Emanuela Taioli,
Michela Mattioli, Maurizio Sampietro, and Gemino Fiorelli

Severe iron overload usually develops in
patients with hereditary hemochromato-
sis (HHC), but variability in the pheno-
typic expression of the disease has been
reported. This study assessed whether
tumor necrosis factor « (TNF-a) plays a
role in phenotypic expression of HHC.
Sixty-four patients with HHC and 172
healthy volunteers (controls) were stud-
ied. Release of TNF- a from stimulated
peripheral blood monocytes was mea-
sured by enzyme-linked immunosorbent
assay, and 308 and 238 TNF- a polymor-
phisms were detected with polymerase
chain reaction and restriction fragment-
length polymorphism analysis. The rela-
tion between TNF- a polymorphisms and

Introduction

clinical expression of HHC was evalu-
ated. Patients with HHC released less
TNF-a than controls, but the difference
was significant only in homozygotes for
the C282Y mutation. The prevalence of
the 308 TNF-a polymorphism was similar
in patients and controls, whereas the
prevalence of the 238 polymorphic allele
was significantly lower in patients (3%
versus 16%; P = .002). A lower preva-
lence of cirrhosis was observed in pa-
tients with TNF- e polymorphism than in
those without it (4 of 15 [27%] versus 28
of 49 [57%]), but the difference was not
significant ( P = .07). In nonhomozygotes
for the C282Y mutation, severe liver sid-
erosis was less prevalent in patients with

the 308 polymorphism than in those with-
out it ( P = .05). Alanine aminotransferase
(ALT) values were significantly lower in
patients with TNF- « polymorphism
(P = .006), even when patients with other
hepatotoxic factors were excluded. Multi-
variate analysis showed that TNF- « poly-
morphism was independently associated
with ALT values ( P =.0008 and P = .045,
respectively, in homozygotes and nonho-
mozygotes for the C282Y mutation) and
siderosis in nonhomozygotes (P = .047).
Thus, TNF- « appears to play a role in HHC
by modulating the severity of liver
damage. (Blood. 2001;97:3707-3712)

© 2001 by The American Society of Hematology

Hereditary hemochromatosis (HHC) is characterized by progresacrophage$,and decreasing plasma iron uptake in erythroid
sive iron overload in parenchymal tissue that may lead farecursor$. Two polymorphisms have been identified in the
hepatic cirrhosis. The disease is associated with a high risk DRF-a promoter—one at position 308 (the TNF2 allélapd the
development of hepatocellular carcinoma, cardiomyopathy, diather at position 238 (the TNFA allel&) Studies with the TNFe
betes, hypogonadotropic hypogonadism, skin hyperpigmentaomoter showed that the TNF2 allele leads to increased constitu-
tion, and arthritis. In most patients (more than 80% of patients ti’e and inducible expression compared with the wild type
Northern European descent and 64% of patients in Italy), HHONF1) 1-2whereas data on the TNFA allele were conflicti#g?®

is due to homozygosity for the point mutation C282Y in the HFHhe presence of TNl polymorphisms appears to influence the

gene. The role of the second mutation, H63D, in the pathogem@ognosis of hepatic diseases with various causes (autoimmune and
sis of the disease is still uncertdid. Half of the subjects alcoholic)416-22
homozygous for the C282Y mutation identified in epidemiologi- Macrophages from patients with HHC have repeatedly been
cal studies did not have clinical features of HHC, and about omeported to have a defect in iron metabolism, since a low iron
third did not have evidence of iron overlod@his suggests the content is usually found in circulating monocytes, their precursors,
existence of various acquired and genetic factors that cand Kupffer cells. In addition, monocytes from patients with HHC
modify the phenotype of HHC. Involvement of genetic factorselease an increased amount of ferritin after erythrophagocytosis
was also suggested by the greater concordance between clindause they are unable to store i#&# A possible link between
manifestations and biochemical markers of iron within familie$NF-« and HHC has been hypothesized on the basis of the
than between families. observation that TNF release from lipopolysaccharide (LPS)-
Tumor necrosis factorr (TNF-a), a cytokine with multiple stimulated monocytes from patients with HHC was lower than in
functions that is mapped on 6p21.3 in the major histocompatibilitponocytes from controls, and it was suggested that this could
complex, contributes to the regulation of iron metabolism bgccount for the low iron content in monocyte-macrophage cells
stimulating synthesis of ferritin and the transferrin receptor ifrom patients with HHCS-28
different cell types$;® inhibiting iron release from peritoneal  The aim of this study was to establish whether Tillptays a
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role in the phenotypic expression of HHC. To achieve this aim, we To assess the effect of cellular iron content on TéNEellular release,
studied TNFe release from macrophages from patients with HH@ells were preincubated for 24 hours with ferric ammonium citrate (100
typed for HFE gene mutations, the prevalence of T&pelymor- wM; Sigma Chemical) or desferrioxamine (4M; Sigma Chemical) and

phism at positions 238 and 308, and the relation between a-NFt_hen treated with LPS (p.g/mL) for 24 hours. Control cells were cultured
polymorphism and clinical expre’ssion of HHC for 24 hours without addition of ferric ammonium citrate or desferriox-

amine and then treated with LPS. Supernatants were collected and assayed
for TNF-a concentration.

Patients, materials, and methods Assessment of TNF- « concentration

Patients TNF-a release from monocyte-macrophage cells from 50 patients and 34

) ) ) . ) controls was measured by using a commercially available enzyme-linked
Of patients with HHC in a larger series, we studied 64 unselected, unrelaigf,unosorbent assay (Nycomed Amersham).

subjects for whom DNA and liver biopsy results were available and
geographical origin was ascertained up to the thir_d generation. Forw'ei%alysis of genomic TNF-
(75%) were men and 16 (25%) were women; their mearSD) age was
53.8+ 11.2 years. The diagnosis of HHC was based on standard crite@enomic DNA was extracted from whole blood preserved in EDTA by
(1) exclusion of other known causes of iron overload; (2) hepatocellulasing the phenol-chloroform method. TNF2 and TNFA alleles were
hemosiderin deposits of grade Ill or IV according to the definition ofletected by using mutagenic primers containing a single base-pair mis-
Scheuer et &@? with evidence of a gradient of siderosis from periportaimatch adjacent to the polymorphic site to introduce a restriction site into the
hepatocytes to centrolobular veins; and (3) hepatic iron index (HII) greateild-type nucleotide sequences after amplificatibWe used the following
than 1.9 or amount of iron removed by weekly phlebotomy to reach primers (M-medical, Florence, Italy; mismatch positions underlined):
depletion more tha5 g in men andnore tha 3 g inwomen. Forty-six F308 (8-GGG ACA CAC AAG CAT CAA GG-3), R308 (3-AAT AGG
patients were from Northern Italy and 18 were from Southern Italy. TTT TGA GGG CCATG-3), F238 (B-ATC TGG AGG AAG CGG TAG
All patients were tested for HFE gene mutations; examined for liver aridz-3'), and R238 (5AGA AGA CCC CCC TCG GAA CC-3). The
spleen enlargement with use of abdominal ultrasonography; and assed$s&ginent containing the TNF2 polymorphism was amplified by using F308
for skin hyperpigmentation, diabetes (World Health Organization criterisagnd R308 primers; TNFA was amplified with F238 and R238.
cardiomyopathy (electrocardiographic and echocardiographic examina- DNA samples were amplified in 5@L ammonia reaction buffer
tions), hypogonadism (clinical and hormonal evaluations), and arthropat{Bioline, London, United Kingdom) containing 2Q0M deoxynucleoside
(clinical and radiographic evaluations). All patients were screened faiphosphate, 10uM each primer, 2pL DNA sample, and 2 U Taq
hepatitis B virus (HBV) surface antigen, anti—hepatitis C virus (HCVpolymerase (Bioline) for one cycle at 94°C for 4 minutes, 59°C for 1
antibodies, and HCV RNA, and assessed for alcohol abuse, which waute, and 70°C for 45 seconds, followed by 33 cycles at 94°C for 1
defined as a daily intake of more than 60 g in men and more than 40mgnute, 59°C for 1 minute, and 70°C for 45 seconds, followed by one cycle
in women. at 70°C for 10 minutes. The polymerase chain reaction (PCR) products
Liver biopsy specimens, which were obtained from all patients, wergere digested at 37°C witkicd to detect the TNF2 allele and wittispl to
processed routinely. Tissue sections were stained with hematoxylin atetect the TNFA allele and then subjected to 4% agarose-gel electrophore-
eosin, impregnated with silver to examine the reticulin framework, arsls. Each PCR batch included a “blank” to which no DNA had been added to
stained with periodic acid—Schiff for glycogen, periodic Schiff diastase fansure that no contamination of samples had occurred. None of the blank
nonglycogen proteins, Perls stain for iron, and trichrome for collagen. Livegactions yielded any visible product after gel electrophoresis.
iron concentration (LIC) was determined by atomic absorption spectropho-
tometry as described previousfand the HIl, ratio of LIC (M/g dry HFE gene mutations

weight) to age (years), was calculated. The amount of iron removed was ) ) )
determined as reported previoudly. C282Y and H63D HFE mutations were sought in genomic DNA extracted

from peripheral leukocytes as described previodsly.

a locus polymorphism

Controls
Statistical analysis
The control group, which consisted of 172 healthy subjects with the same

geographical origin as the patients, was formed by enrolling volunteérgsults were expressed as meanSD) and considered significant when
from among hospital staff, medical students, and nonblood relatives of &P value was less than .05 (2-tailed test). Mean values were compared by
patients. HFE gene mutations in most of these subjects were report&ind t tests for unequal variances. Fregquencies were compared by

previously? performingy? tests. Genotype distributions were compared with the Fisher
exact test. Multivariate analysis was done to assess the association between
Isolation of peripheral blood monocytes TNF-a polymorphism and several variables of phenotype expression in

] ] ) o HHC (age at diagnosis, amount of iron removed, liver siderosis, HCV and
Peripheral blood monocytes were obtained from patients with iron overloggBy infection, HFE genotype, alanine aminotransferase [ALT] values, and
and controls by using the Lymphoprep-Percoll method (Nycomed Amejsresence of liver cirrhosis).

sham, Little Chalfont, United Kingdor?} a few patients were also tested

after iron depletion. Briefly, 30 mL venous blood (plus EDTA) was obtainest

from each patient and control and diluted with Hanks balanced salts. Blood

was then stratified in Lymphoprep solution (ratio of blood to Lymphopre[ReSU":S

2:1) and centrifuged at 1680 revolutions per minute (rpm) for 30 minutes. . . )
The mononuclear cell layer was aspirated and washed 3 times in sall %mc?graphu.: information and HFE gene mutations
solution. Monocytes were isolated by another separation in Percoll solutiffhPatients with HHC

by using centrifugation at 2100 rpm for 30 minutes at 4°C and then washed. .~ . - 0
3 times. Finally, cells were plated (500 000 cells/mL) in 30-mm wells ?j’ﬂlrty eight patients (59.4%) were homozygous for the C282Y

RPMI 1640 medium supplemented with 10% fetal calf serum, 10/ronutat|0n (C282Y+/+) and 26 (40.6%) were nonhomozygous
B-mercaptoethanol, and 1% streptomycin in the presence or absence of (B&N-C282Y+/+). Two were heterozygous for the C282Y muta-
(5 pg/mL; Sigma Chemical, St Louis, MO). After 24 hours, the superndion, 2 were homozygous and 7 heterozygous for the H63D
tants were collected, centrifuged at 2000 rpm for 10 minutes, and assay@dtation, and 15 had neither; none had compound heterozygosity.
for TNF-a concentration. Three non-C282Y+/+ patients had a family history of HHC.
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Table 1. Characteristics of 48 men and 16 women with hereditary hemochromatosis according to homozygosity for the C282Y mutation

Variable C282Y +/+ (n = 38) Non-C282Y +/+ (n = 26) Pvalue
Age,y 46 + 13 (20-69) 52 * 7 (36-60) .04
Transferrin saturation, % 86 = 14 (54-100) 75 = 17 (46-100) .006
Ferritin, pwg/L 2103 + 1801 (422-8000) 1558 + 1281 (380-5800) NS
Iron removed, g 11.6 = 7 (3.5-30) 7.8 = 5.5(3-13.5) .02
No. (%) patients with grade IV siderosis* 20 (53%) 14 (54%) NS

Values are mean = SD (range) unless otherwise indicated.
NS indicates not significant.
*On Perls staining.2®

Patients homozygous for the C282Y mutation were younger amés lower than that from cells from controls cultured under the
had more severe iron overload (Table 1). The prevalence sdme experimental conditions.

exogenous hepatotoxic factors (alcohol abuse and HBV and HCV

infection) was higher in non-C282¥-/+ patients than C282Y TNF-a gene polymorphisms

+/+ patients, as was reported previouslcohol abuse was
present in 6 of 38 C282Y+/+ patients (16%) and 9 of 26
non-C282Y+/+ patients (35%), HCV infection in 4 of 38 C282Y
+/+ patients (11%) and 9 of 26 non-C282¥/+ patients (35%;

P = .03), and HBV infection in 1 of 38 C282%-/+ patients (2%)

and 4 of 26 non-C282¥-/+ patients (15%).

The frequency distribution of the 308 TNE-polymorphism
genotype in healthy controls and patients with HHC is shown in
Table 3. In patients with HHC, the prevalence of the TNF1/TNF2
genotype was 23%, independent of HFE genotype. This frequency
was identical to that in controls. The allele frequency for TNF1 was
0.84 in HHC patients homozygous for C282Y, 0.92 in HHC
patients with other HFE genotypes, and 0.88 in healthy controls.

Results regarding the 238 TNk-gene polymorphism are
Monocyte stimulation with LPS (fug/mL) was followed by an shown in Table 4. Sixty-three of the 64 HHC patients (98.4%) were
increase in TNFx release in both patients and controls. TNF- 1omozygous for TNFG; the other (1.6%) had TNFG/TNFA
release from monocytes from patients with HHC who werBeterozygosity. The TNFG/TNFA genotype was observed signifi-
nonhomozygous for the C282Y mutation was similar to that fr0|’r‘1antly more often in controls (13%) than in patients with HH_C
monocytes from controls (424.0% 244.6 ng/L versus (1.6%; P_: .0022). The allele frequency for_ TNFG Wa§ 0.99 _|n
478.75+ 150.7 nglL), whereas levels of the cytokine were signifiti1C patients homozygous for C282Y, 1.0 in HHC patients with
cantly lower in C282Y homozygous patients (363:4.57.9 ng/L; other HFE genotypes, and 0.92 in controls.
P = .01, Table 2). A few patients were retested after reaching ir
depletion, and there was no evidence of any significant differe
in TNF-a release.

Of the 34 healthy subjects in whom TNF-release was
measured, 2 were heterozygous for C282Y (C282¥-) and none

TNF-« release from stimulated monocytes

n(wglation between TNF- « polymorphism and
glmical expression of HHC
None of the demographic or clinical characteristics assessed
(sex, age, alcohol abuse, chronic viral hepatitis, hepatomegaly,
were C282Y+/+ or had compound heterozygosity. Monocytegpleno_megaly,diabetes, cardiomyopathy, hyperpigm_entatign, hyp 0-
gonadism, arthropathy, portal hypertension, and liver cirrhosis)

from the 2 C282Y+/— controls released an amount of TNF- found to be sianificantl iated with TNEsol
similar to the quantity released by monocytes from subjects wim‘:’.re ound o be sighificantly associated with F;_ao_ymor-_
wild-type HFE. phism. A trend toward a lower prevalence of cirrhosis in patients

500

TNF-a release in iron-depleted or enriched cells
*%

Results of measurement of TNFrelease from iron-depleted or 5 4%
enriched monocytes are shown in Figure 1. In all subject groups, £
iron depletion led to a significant increase in ThFrelease 3 ®
compared with the amount released from control cells. Iron %
addition led to a decrease in TNFrelease from monocytes from 5 2%
all groups. TNFe release from monocytes from patients with HHC :'z:

100
Table 2. Release of tumor necrosis factor  « from monocytes cultured for 24 0 : -
hours with lipopolysaccharide (5  mng/mL), according to subject group Controls  Total patients  C282Y++ non-C282Y++

patients patients
Subject group TNF-a (ng/L) (n=11) (n=22) (n=14) (n=8)

Cor.nrols (r? =34y 4785 = 150.7 Figure 1. TNF- « release from iron-manipulated monocytes from patients with
Patients with HHC (n = 50) 385.2 + 193.4 HHC and controls. Shown is TNF-a release from monocytes incubated for 24 hours
C282Y +/+ patients (n = 32) 363.4 = 157.91 with desferrioxamine (40 M), ferric ammonium citrate (100 M), or nothing and then
Non-C282Y +/+ patients (n = 18) 424.0 + 244.6 treated with LPS (5 wg/mL) for 24 hours. Values are mean = SD. Cells preincubated

for 24 hours before LPS stimulation released less TNF-a than cells stimulated with

Values are mean + SD.

TNF-a indicates tumor necrosis factor «; HHC, hereditary hemochromatosis.

*Two controls were C282Y +/—, and none were C282Y +/+ or had compound
heterozygosity.

1P = .01 compared with controls.

LPS immediately. Preincubation in the presence of desferrioxamine caused a
significant increase in TNF-a release, whereas preincubation in the presence of ferric
ammonium citrate induced a decrease in TNF-a release. *P < .05, **P < .01, and
***P <0001 for cells grown in the same experimental conditions and not preincu-
bated with iron or desferrioxamine.
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Table 3. Prevalence of 308 tumor necrosis factor  « polymorphism (TNF1, G at Relation between TNF- « polymorphism and TNF- « release
position 308; and TNF2, A at position 308), according to subject group

Subject group TNFUTNFL  TNFUTNF2  TNF2TNE2  Ten patients and 6 controls in whom TNFrelease was measured
Controls (n = 172) 134 (77) 38 (22) 2@ had the 398 polymorphlsm. TN&-reIease. in tho;e with .TNE- .
Patients with HHC (n — 64) 49 (77) 15 (23) 0 polymorphism did not differ from that in subjects without it
C282Y +/+ patients (n = 38) 29 (76) 9 (24) 0 (patients, 422+ 232 ng/L and 37% 224 ng/L; and controls,
Non-C282Y +/+ patients (n = 26) 20 (77) 6 (23) 0 420+ 145 ng/L and 50Q= 115 ng/L, respectively). The difference

between patients and controls without ThFolymorphism was
significant P = .01).

Values are number (%) in each group.
See Tables 1 and 2 for abbreviations.

with TNF-a polymorphism was observed, although the differenc@iSCUSSION

was not significant (4 of 15 patients [26.7%] versus 28 of 49 ) i .
patients [57.1%]P = .07). The trend was independent of HFEm this study, we found that, compared with controls, patients with

gerciyoe n fc, crhoss s presentn 2o § Capve 11 1C 1.2 oue revlerc of e pobranier o posto 238
patients (22%) and 2 of 6 non-C232¥/+ patients (33%) with b y

. : . amount of TNFe;, with the second finding being more pronounced
TNF-o polymorphism and in 15 of ?9 C282¥/+ pE}tlents (52%) in patients who were homozygous for the C282Y HFE mutation.
and 13 of 20 non-C232Y+/+ patients (65%) without TNFe

) Patients with the 308 polymorphism (we did not identify any
polymorphism. _ o _ patient with the 238 polymorphism alone) had milder liver damage.
Severe liver siderosis (grade IV on Perls staining), which Wage therefore suggest that TNEplays a role in the phenotypic
not related to TNFe: polymorphism in the larger series of patientseypression of HHC by influencing the severity of liver disease and
was significantly less frequent in non-C282Y homozygous patienisat it is at least partly responsible for the scanty iron deposits

with TNF-a polymorphism than in those homozygous for thound in monocyte-macrophage cells from these patients.
wild-type TNF« allele (1 of 6 [16.7%] versus 14 of 20 [70%];  Our study was prompted by studies showing that TiNE

P = .05). The HII, determined in 27 patients, was lower in patieniavolved in the regulation of iron metabolism. This cytokine
with TNF-a polymorphism than in those without, independent ofnodulates expression of H and L ferritin and of the transferrin
HFE genotype (3.& 1.1 versus 6.3- 2.9; P = .05). A separate receptor in different cell types, including monocytésepate
evaluation in patients divided according to HFE genotype was noftes$*% and duodenocyte®, as well as of HFE proteiff A
possible because of the limited number of patients in whom Li@lation between TNFe and HHC was first suggested after it was
was determined. Transferrin saturation and the amount of ireRserved that stimulated monocytes from patients with HHC
removed to reach depletion were not related to Tdpelymor- released a lower amount of TNF-than did monocytes from
phism, with no difference between C282¥/+ and non-C282Y controls?® However, a subsequent study by Recalcati@tcdl not

+/+ patients. A trend toward lower serum ferritin levels wa§ONnfirm these results. In the current study, we reproduced the
observed in patients with TN&- polymorphism (1284- 1024 findings of Gordeuk et &t and demons_trated a relation between
/L versus 2031 1706 uglL), both in C282Y +/+ patients TNF-a release and HFE genotype, since only monocytes from
(1728+ 1377pg/L versus 2300- 1940.g/L) and in non-C282Y patients homozygous for the C282Y mutation released an amount

+/+ patients (906- 454 ug/L versus 1535 1236pg/L), but the of TNF-a that was significantly lower than Fhat released by
. L monocytes from controls. Because of the high prevalence of
differences were not significant.

S ALT level ianificantly | . tient 'thC282Y homozygosity in patients with HHC in the United States
erum . eveg were S'gn_' ican _y ower in patients wi (> 95%), it is likely that all the subjects studied by Gordeuk &t al
polymorphism than in those without it (37525 U/L versus

N o . ; > were homozygous for the C282Y mutation. As previously sug-
77.2+ 53 .U/L' P =.006). When thg 23 patients with coexistentastes the reduction in TNFe release could account for the
hepatotoxic factors (HBV and HCV infections and alcohol abuse)hqrted defects in iron metabolism in monocytes, because of the

were not included in the statistical analysis, this differencgecrease in TNRE—induced ferritin synthesis in these cells.
increased R = .004). Logistic regression analysis indicated that Ajternatively, the decreased TNE+elease could be a result of
TNF-a polymorphism was independently associated with livahe iron-deficient phenotype of reticuloendothelial cells in C282Y
siderosis in non-C282Y+/+ patients P = .047) and with ALT +/+ patients, an observation confirmed by Montosi &f &l
values in both C282¥+-/+ patients and non-C282¥/+ patients means of wild-type HFE transfection of monocytes from C282Y
(P = .0008 andP = .045, respectively). +/+ patients. However, this hypothesis contrasts with our current
evidence of an increased TNF+elease from desferrioxamine

iron-depleted monocytes from both patients with HHC and controls
Table 4. Prevalence of 238 tumor necrosis factor  a polymorphism (TNFG, G at

position 238; and TNFA, A at position 238), according to subject group

Moreover, even after iron manipulation, TNFrelease from cells

Subject group TNFG/TNFG TNFGITNFA  TNFATTNFA from patients was lower than that from cells from controls,
Controls (n = 172) 146 (85) 23(13) 3 suggesting an intrinsic defect of C282Y+ cells.
Patients with HHC (n = 64) 63 (98)* 1@ 0 A possible consequence of the reduced TdlFelease is
Eiizgzgg ’Ei're;;(e”n; f’na): 2 2; S;gi (1)(3) g increased iron absorpticfi*? It has been shown that TN&-can
decrease intestinal iron absorption, thereby inducing H ferritin
Values are number (%) of subjects in each group. synthesis in enterocytes and promoting their differentiation, apopto-
S}s‘f%t(’)':;ioagd;:;’s:sfg’::ggs sis, and shedding into the lumen. A role for TNFin modulating
TP:'_0344com%ared With Controls. iron absorption is also suggested by the finding that g2k

$P = .029 compared with controls. microglobulin andy-3 T-cell-receptor knockout mice, in which

and, conversely, a reduced release from iron-enriched monocytes.
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enteral administration of iron is not followed by the expectegatients and the poor sensitivity of Perls staining in discriminating
increase in TNFe release from intraepithelial ymphocytes, develoglifferent degrees of severe siderosis. A multivariate analysis
parenchymal iron overload similar to that occurring in HEfC. confirmed that there was a significant association betweendNF-
We analyzed the prevalence of 308 and 238 polymorphismspgalymorphisms and liver siderosis in non-C282¥+ patients and

patients with HHC and found that the 238 polymorphism, but n@tansaminase levels in both C282¥+ patients and non-C282Y
the 308 polymorphism, was significantly less prevalent in patients/+ patients. It may be that TN&-polymorphism does interfere
than in healthy controls. We did not find any relation betweegith liver iron deposits but that it interferes to a lesser extent, if at
TNF-a release from monocytes and polymorphic alleles, ag|, with extrahepatic iron accumulation, given the lack of differ-
previously reported® However, we were able to test only on€gnces in the total iron burden as determined by the amount of iron
patient with the TNFG allele and 10 patients with the TNF2 allelgegoved to reach depletion and in extrahepatic involvement in
It is also possible that the experimental conditions used to assBSfients with the 308 TN polymorphism compared with those

TNF-a release were not suitable for detection of minor changes in, o + it Interestingly, the effect of the 308 TNEpolymorph-

release of the cytokine. The low prevalence of the 238 -BNF'ism on transcription of this cytokine has been shown to be

polymorphism in patients with HHC may have been due to the faPt 1
that this polymorphism occurs more readily in chromosomes that - specific
polymorp y The milder liver involvement we observed in patients with

do not carry HFE gene mutations (both genes are mapped . : . . .
chromosome 6, at a distance of 5 centimorgans). However, '?rl]QF-a polymorphlsm, which We}s assou_ated with an increased
pression of TNFRx in most previous studi€d;12 may reflect the

our study, TNFG allele prevalence was not related to HFES . o " . :
gene mutations. hepatqprotgctlye activity pf this cytokirfé. Alternatively, the

An alternative hypothesis is that the polymorphism makes tgduction in liver necrosis may have been due to a lower
phenotype of patients with HHC milder, possibly as a consequerfgcumulation of iron in hepatocytes, perhaps in favor of Kupffer
of the increased TN release, and thereby leads to an underdiaGélls and macrophages, although we have no clear evidence
nosis of the disease. This hypothesis is supported by the finding tiiicating that patients with TNE- polymorphism had more
the patients with the 308 TN&-polymorphism had milder liver Severe siderosis in this cellular compartment.
involvement, indicated by significantly lower ALT values; a trend In conclusion, our data suggest that TNFfnay play a role in
toward a lower prevalence of cirrhosis; and a significantly lowdtHC, ie, it may affect cellular iron distribution, modulate the
prevalence of severe liver siderosis in those with non-C282severity of liver iron overload, and influence the phenotypic
homozygosity. The lack of relation between TNFpolymor- expression of the disease. Additional studies to clarify the relation
phisms and liver siderosis in homozygotes for the C282Y mutatidretween TNFa and HHC are needed to explore possible differ-
could have been due to the more severe liver siderosis in thesees in patients with different geographic origins.

References

1. Feder JN, Gnirke A, Thomas W, et al. A novel 11. Kroeger KM, Carville KS, Abraham 1J. The —308 20. Hohler T, Kruger A, Gerken G, Schneider PM,
MHC class I-like gene is mutated in patients with tumor necrosis factor-a promoter polymorphism Meyer zum Buschenfelde KH, Rittner C. A tumor
hereditary hemochromatosis. Nat Genet. 1996; affects transcription. Mol Immunol. 1997;34:391- necrosis factor-a (TNF-a) promoter polymor-
13:399-408. 399. phism is associated with chronic hepatitis B infec-

2. Piperno A, Sampietro M, Pietrangelo A, etal. Het- 12, Wilson AG, Symon JA, McDowell TL, McDevitt tion. Clin Exp Immunol. 1998;111:579-582.
erogeneity of hemochromatosis in Italy. Gastro- HO, Duff GW. Effects of a polymorphism in the 21. Hohler T, Kruger A, Gerken G, Schneider PM,
enterology. 1998;114:996-1002. human tumor necrosis factor « promoter on tran- Meyer zum Buschenfelde KH, Rittner C. Tumor

3. Olynyk JK, Cullen DJ, Aquilia S, Rossi E, Sum- scriptional activity. Proc Natl Acad Sci U S A. necrosis factor promoter polymorphism at posi-
merville L, Powell LW. A population-based study 1997;94:3195-3199. tion —238 is associated with chronic active hepa-
of the clinical expression of the hemochromatosis 13. Ruwende C, McGuire W, Coleman E, et al. Asso- titis C infection. J Med Virol. 1998;54:173-177.
gene. N Engl J Med. 1999;341:718-724. ciation of a tumor necrosis factor promoter poly- 22. Rosen HR, Lentz JJ, Rose SL, et al. Donor poly-

4. Powell LW, Subramamiam VN, Yapp TR. Haemo- morphism with susceptibility to pulmonary tuber- morphism of tumor necrosis factor gene: relation-
chromatosis in the new millennium. J Hepatol. culosis [abstract]. Clin Sci. 1996;90:3P. ship with variable severity of hepatitis C recur-
2000;32(suppl 1):48-62. 14. Grove J, Daly AK, Bassendine MF, Day CP. Asso- rence after liver transplantation. Transplantation.

5. Torti SV, Kwak EL, Miller SC, et al. The molecular ciation of tumor necrosis factor promoter poly- 1999;68:1898-1902.
cloning and characterization of murine ferritin morphism with susceptibility to alcoholic steato- 23. Flanagan PR, Lam D, Banerjee D, Valberg LS.
heavy chain, a tumor necrosis factor-inducible hepatitis. Hepatology. 1997;273:1516-1517. Ferritin release by mononuclear cells in heredi-
gene. J Biol Chem. 1988;263:12638-12644. 15. Kaluza W, Reuss E, Grossman S, et al. Different tary hemochromatosis. J Lab Clin Med. 1989;113:

6. Tsuiji Y, Miller LL, Miller SC, Torti SV, Torti FM. Tu- transcriptional activity and in vitro TNF-a produc- 145-150.
mor necrosis factor-a and interleukin 1-« regulate tion in psoriasis patients carrying the TNF-a 238A 24. Fillet G, Beguin Y, Baldelli L. Model of reticuloen-
transferrin receptor in human diploid fibroblasts. promoter polymorphism. J Invest Dermatol. 2000; dothelial iron metabolism in humans: abnormal
J Biol Chem. 1991;266:7257-7261. 114:1180-1183. behavior in idiopathic hemochromatosis and in

7. Alvarez-Hernandez X, Liceaga J, McKay IC, 16. Jones DE, Watt FE, Grove J, et al. Tumour necro- inflammation. Blood. 1989;74:844-851.
Brock JH. Induction of hypoferremia and modula- sis factor-a promoter polymorphisms in primary 25. Cairo G, Recalcati S, Montosi G, Castrusini E,
tion of macrophage iron metabolism by tumor ne- biliary cirrhosis. J Hepatol. 1999;30:232-236. Conte D, Pietrangelo A. Inappropriately high iron
crosis factor. Lab Invest. 1989;61:319-324. 17. TanakaA, Quaranta S, Mattalia A, et al. The tu- regulatory protein activity in monocytes of pa-

8. Moldawer LL, Marano MA, Wei H, et al. Cachec- mor necrosis factor-o promoter correlates with tients with genetic hemochromatosis. Blood.
tin/tumor necrosis factor-« alters red blood cell progression of primary biliary cirrhosis. J Hepatol. 1997;89:2546-2453.
kinetics and induces anemia in vivo. FASEB J. 1999;30:826-829. 26. Miller LL, Miller SC, Torti SV, Tsuji Y, Torti FM.
1989;3:1637-1643. 18. Bernal W, Donaldson P, Underhill J, Williams W, Iron-indepenQent induction of ferritin H chain by

9. Wilson AG, di Giovine FS, Blakemore AIF, Duff Williams R. Tumor necrosis factor genomic poly- tumor necrosis factor. Proc Natl Acad Sci U SA.
GW. Single base polymorphism in the human tu- morphism and outcome of acetaminophen 1991;88:4946-4950.
mour necrosis factor « (TNF «) gene detectable (paracetamol)-induced liver failure. J Hepatol. 27. Fahmy M, Young SP. Modulation of iron metabo-
by Ncol restriction of PCR product. Hum Mol 1998;29:53-59. lism in monocyte cell line U937 by inflammatory
Gen. 1992;1:353. 19. Cookson S, Constantini PK, Clare M, et al. Fre- cytoki_nes: chang_e_s in transfer_rin uptake, iron

10. D'Alfonso S, Richiardi PM. A polymorphic varia- quency and nature of cytokine gene polymor- handling and ferritin mRNA. Biochem J. 1993;

tion in a putative regulation box of the TNF « pro- phism in type 1 autoimmune hepatitis. Hepatol- 296:175-181.

moter region. Immunogenetics. 1994;39:150-154. ogy. 1999;30:851-856. 28. Gordeuk VR, Ballou S, Lozanski G, Brittenham

20z aunf g0 uo 3senb Aq ypd°20.€010218U/2¥67.91/L0LE/Z11L6/4pd-Bl011E/POOIq/ABU"SUOKEDIIGNdYSE//:dBY WOy papeojumog



3712

29.

30.

31

32.

33.

FARGION et al

GM. Decreased concentrations of tumor necrosis
factor-a in supernatants of monocytes from ho-
mozygotes for hereditary hemochromatosis.
Blood. 1992;79:1855-1860.

Scheuer PJ, Williams R, Muir AR. Hepatic pathol-
ogy in relatives of patients with hemochromato-
sis. J Pathol Bacteriol. 1962;84:53-64.

Barry M, Sherlock S. Measurement of liver iron
concentration in needle biopsy specimens. Lan-
cet. 1971;1:100-103.

Piperno A, Arosio A, Fargion S, et al. The ances-
tral hemochromatosis haplotype is associated
with severe phenotype expression in Italian pa-
tients. Hepatology. 1996;24:43-46.

Recalcati S, Pometta R, Levi S, Conte D, Cairo
G. Response of monocyte iron regulatory protein
activity to inflammation: abnormal behavior in ge-
netic hemochromatosis. Blood. 1998;91:2565-
2572.

Scaccabarozzi A, Arosio P, Weiss G, et al. Rela-

Erratum

34.

35.

36.

37.

tionship between TNF « and iron metabolism in
differentiating human monocytic TNP-1 cells. Br J
Haematol. 2000;110:978-984.

Hirayama M, Kohgo Y, Kondo H, et al. Regulation
of iron metabolism in HepG2 cells: a possible role
for cytokines in the hepatic deposit of iron. Hepa-
tology. 1993;18:874-880.

Tran TN, Eubanks SK, Schaffer KJ, Zhou CY,
Linder MC. Secretion of ferritin by rat hepatoma
cells and its regulation by inflammatory cytokines
and iron. Blood. 1997;90:4979-4986.

Han O, Wood RJ. Pro-inflammatory cytokines
increase the expression of the HFE protein in hu-
man intestinal cells. World Congress of Iron Me-
tabolism; May 23-28, 1999; Sorrento, Italy. Ab-
stract 216.

Montosi G, Paglia P, Garuti C, et al. Wild-type
HFE protein normalizes transferrin iron accumu-
lation in macrophages from subjects with heredi-
tary hemochromatosis. Blood. 2000;96:1125-
1129.

BLOOD, 15 JUNE 2001 - VOLUME 97, NUMBER 12

38.

39.

40.

41.

42.

Weiss G, Wachter H, Fuchs D. Linkage of cell-
mediated immunity to iron metabolism. Immunol
Today. 1995;16:495-500.

Ten Elshof AE, Brittenham GM, Chorney KA, et
al. v Intraepithelial lymphocytes drive tumor ne-
crosis factor-a response to intestinal iron chal-
lenge: relevance to hemochromatosis. Immunol
Rev. 1999;167:223-232.

Pociot F, D'Alfonso S, Compasso S, Scorza R,
Richiardi PM. Functional analysis of a new poly-
morphism in the human TNF-« promoter. Scand
J Immunol. 1995;42:501-504.

Kroeger KM, Steer JH, Joyce DA, Abraham LJ.
Effects of stimulus and cell type on the expres-
sion of the —308 tumour necrosis factor promoter
polymorphism. Cytokine. 2000;12:110-119.

Takehara T, Hayashi N, Mita E, et al. Delayed
Fas-mediated hepatocyte apoptosis during liver
regeneration in mice: hepatoprotective role of
TNF «. Hepatology. 1998;27:1643-1651.

In the article entitled “Truncated mutant B subunit for factor XIll causes its
deficiency due to impaired intracellular transportation,” which appeared in
the May 1, 2001, issue of Blood (97:2667-2672), the name of the fifth author
should have been Tsutomu Shichishima, and the second affiliation should
have been the First Department of Internal Medicine, Fukushima Medical
University, Japan. The spelling of the author’s name has been corrected in
the on-line version.
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