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Case report: A rare case of
hereditary hemochromatosis
caused by a mutation in the
HAMP gene in Fuyang, China
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Hemochromatosis, also known as siderosis, is a disease caused by excessive
iron deposition in human organs and tissues, resulting from iron metabolism
disorders. It is clinically characterized by skin pigmentation (bronze color), liver
cirrhosis, diabetes, weakness, and fatigue. Additional symptoms may include
arthritis, hypothyroidism, heart failure, and sexual hypofunction. Clinical
manifestations can vary from person to person, with a few patients showing no
clinical manifestations, which makes the diagnosis difficult for clinicians. In this
case report, we described hereditary hemochromatosis related to a mutation in
the HAMP gene in Fuyang City, China, as a reference for clinicians. Hereditary
hemochromatosis is rarely reported in China. Clinicians in China have relatively
insufficient knowledge of this disease, which leads to frequent misdiagnosis.
In this case report, we describe hereditary hemochromatosis related to HAMP
gene mutation in Fuyang City, China, for the clinician’s reference.
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Case information

A 37-year-old male school teacher visited the hepatology department of the Second
People’s Hospital of Fuyang City, Anhui Province, on 7 March 2023, with a history of recurrent
abnormal liver function for more than 2 years. He was diagnosed with an abnormal liver
function during a physical examination in February 2021. Despite undergoing liver protection
treatment, the patients liver function remained abnormal. There was no more available
information related to this case. On 19 February 2023, the patient’s liver function, including
alanine aminotransferase (ALT) (126 U/L), and aspartate aminotransferase (AST) (61 U/L),
was tested again at another hospital. During his disease progression, the patient was conscious
and alert but had a poor diet, weakness, and fatigue, accompanied by occasional pain and
discomfort in the finger and toe joints. He reported good sleep and had no obvious
abnormalities in urination or defecation. His body weight had not changed significantly over
the past 2 years.
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Patient’s clinical history

This patient was married, and had one child. He had no clinical
history of diabetes, hypertension, heart disease, infection with viral
hepatitis, tuberculosis, surgery, blood transfusions, allergy reports, or
other familial diseases. He claimed not to smoke or drink alcohol. The
patient’s routine general medical examination data were as follows:
conscious and mentally well; a body temperature of 36.6°C; a heart
rate of 76 beats per minute (bpm); a respiratory rate of 18 times per
minute (tpm); a blood pressure of 125/76 mmHg; and a BMI of 17.6
(underweight). During a physical examination, the patient presented
with a soft neck; a flat and soft abdomen without tenderness or
rebound pain; and healthy physiological reflexes. The examination
ruled out the presence of jaundice of the skin or sclera; obvious
abnormalities from heart and lung auscultations; a palpable liver or
spleen under the ribs; liver palms and spider nevus; asterixis; moving
dullness; and obvious pitting edema in both lower limbs.

Other laboratory tests

Liver function and blood sugar panels: albumin (44.1g/L), alanine
aminotransferase (53 U/L), aspartate aminotransferase (55 U/L), total
bilirubin (13.9 pmol/L), blood sugar (6.17 mmol/L); routine blood
tests: white blood cells (3.05*10/ 9/L), red blood cells (4.3¥*10712/L),
hemoglobin (139 g/L), hematocrit (40.4%), platelets (93*10/9/L); iron
metabolism-related indicators: ferritin>1,500 ug/L, serum iron
(43 pmol/L), total iron binding capacity (62 pmol/L), unsaturated iron
binding capacity (19 pmol/L), and transferrin saturation (69.35%).
There were no abnormalities or positive detections in the following
clinical characteristics: coagulation function, renal function, blood
lipids, cardiac enzymes, urine and feces routine, alpha-fetoprotein,
thyroid function, 14 autoantibodies, 12 antinuclear antibodies,
immunoglobulins, hepatitis A, B, C, and E, giant cell viruses, and
Epstein-Barr virus.

Imaging examination

There were no abnormalities detected in the brain parenchyma on
the head CT scan, while the plain lung CT scan showed cord shadows,
nodular shadows, nodular dense shadows, and bullae in the upper
lobe of the left lung. A follow-up was recommended. A color
ultrasound of the liver, gallbladder, spleen, and pancreas showed that
the liver parenchyma had dense echoes, was slightly thickened, the
outline was not clear, and the liver edge was slightly dull. It was
considered to be difftuse damage to the liver parenchyma,
splenomegaly, ascites (a small amount), hepatic fat infiltration, and
splenic vein dilatation. Whole-abdominal CT scan + enhancement
showed small nodules on the inner edge of the top of the liver, which
were considered to be benign lesions; possible small hemangioma;
splenomegaly; accessory spleen; a small cyst in the left kidney; and a
small amount of pelvic fluid collection. An MRI plain scan of the liver,
the gallbladder, and the spleen (Figures 1A,B) showed no obvious
abnormalities in the contour, size, and shape of the liver; the liver
capsule was still smooth; the liver fissure was not wide; the shape of
the pancreas was normal; the TIWT and T2WT signals of the liver and
pancreas were significantly reduced; and the pancreas was inverted.
The signal was higher than the signal in the same phase; a small cystic

Frontiers in Medicine

10.3389/fmed.2024.1417611

T2WT high signal was observed in the right lobe of the liver with a
clear boundary, and no obvious localized abnormal signal was found
in the remaining liver parenchyma. The main portal vein was slightly
widened with a diameter of approximately 13 mm. There was no
obvious dilated in the intrahepatic and intrahepatic bile ducts. The
splenic volume was increased, and the T2WT signal was slightly
reduced. There was no obvious enlarged lymph node shadow in the
retroperitoneal area, a trace signal of effusion around the spleen, and
a small amount of effusion in the bilateral pleural cavity. MRI
diagnostic conclusions: 1. severe iron deposition in the liver and
pancreas and iron deposition in the spleen; 2. portal hypertension,
splenomegaly, and trace ascites; 3. small cysts in the liver and left
kidney; and 4. a small amount of effusion in the bilateral pleural cavity.

Pathological examination (liver puncture
biopsy)

The structure of the liver lobules was disordered, there was
regional watery degeneration of the liver cells, large coarse particle
deposition diffused in the liver cells, iron staining showed iron particle
deposition mainly within the liver cells, scattered focal necrosis, a
small amount of inflammatory cell infiltration in the liver sinusoids,
Kupffer cells engulfing pigment granules, iron particle deposition, the
expansion of the portal area, fibrous tissue proliferation, fibrous septa
formation, a small amount of inflammatory cell infiltration, and
phagocytosis of pigment granules were observed (Figures 2A,B). A
clear interface of inflammation was not observed in macrophages
(Figures 2A,B). The pathological diagnosis conclusion was as follows:
hemosiderosis accompanied by fibrosis formation, with the degree of
fibrosis corresponding to S3, copper staining (—), and iron staining
(4+) (Figures 2A,B).

Genetic testing

No abnormal mutations were found in the primary test results.
The secondary results detected a variant of unknown clinical
significance, the antimicrobial peptide hepcidin (HAMP) variant
gene, which may be related to the subject’s clinical information. This
was a homozygous HAMP ¢.166C>G (p.Arg56Gly) mutation. This
patient was considered to have primary hemochromatosis due to a
mutation in the HAMP gene. To further confirm that the gene
mutation was inherited, blood samples from both parents were
collected for one-generation verification of the mutation in the HAMP
gene. The Sanger sequencing results showed that both patient’s parents
had heterozygous mutations at this site (Figure 3). These findings
confirmed that the patient’s gene mutation was inherited from his
parents. The patient was eventually diagnosed with hereditary
hemochromatosis (type 2B).

Clinical treatment and outcome

In the initial stage of treatment, the patient was prescribed
isoglycyrrhizinase for hepatoprotection and enzyme-lowering treatments.
He started taking eight tablets of deferasirox daily (125mg per tablet)
orally on 29 March 2023. Due to obvious abdominal distension and
discomfort, he discontinued deferasirox in June 2023. The abdominal
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FIGURE 1

Images of the abdominal MRI. Before treatment (examination time: 9 March 2023): (A) T1WI, (B) T2W1. The arrows indicate decreased TIW1 and T2W1
signals in the liver parenchyma, presenting as the “black liver syndrome.” After treatment (examination time: 6 May 2024): (C) T1WI, (D) T2WI. The
arrows indicate a significant improvement in TIWI and T2WI signals in the liver parenchyma compared to pre-treatment

distension subsided after discontinuing deferasirox. Subsequently, venous
bloodletting treatment was started on 29 March 29, 2023. As of 5 May
2024, venous bloodletting treatment has been performed 53 times, with
an average of once every week and 400 mL per session, totaling 21,200mL
of blood removal. Since starting this treatment, the patient has not had
discomfort symptoms such as chest tightness, palpitations, or dizziness.
There has been a noticeable improvement in his symptoms; he reported
less weakness and fatigue, improved appetite, and reduced pain and
discomfort in his fingers and toe joints. The FE, liver function, and blood
sugar levels have gradually returned to the normal range. The iron
metabolism, hemoglobin, liver function, and blood sugar indicators of
the patient during the treatment are listed in Table 1. MRI showed that
the liver parenchyma significantly increased post-treatment
(Figures 1C,D). Liver biopsy pathology reported that iron overload was
grade 2, and liver fibrosis was grade 2-3; both showed better results than

pre-treatment assessments (Figures 2C,D).

Discussion

Hereditary hemochromatosis is an autosomal recessive disorder of
iron metabolism characterized by increased intestinal iron absorption
and iron release by macrophages. This results in an expansion of
circulating iron pools, reflected by the increase in transferrin saturation
and leads to a progressive accumulation of iron in the body, mainly
deposited in the liver (1). If left untreated, it can lead to liver fibrosis,
cirrthosis, and even hepatocellular carcinoma (HCC) (2, 3).
Hemochromatosis has a wide range of clinical manifestations (4-6). In
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addition to abnormal liver enzymes and liver fibrosis, it can also show
elevated blood sugar, hyposexuality, bronze skin, arthritis, joint pain,
arrhythmia, heart failure, etc., which causes great challenges to a
patient’s health. Men are significantly more affected than women, and
the incidence also increases with age (7). Hereditary hemochromatosis
could be easily ignored in terms of diagnoses in China due to the rarity
of this condition (4, 5). This patient’s clinical presentation included
repeated abnormal liver function as the first symptom and clinical
manifestations of fatigue, mild pain in the joints of the fingers and toes,
elevated blood sugar, and liver fibrosis. All of these clinical
characteristics were consistent with the typical clinical manifestations
of hereditary hemochromatosis. Hemochromatosis was suspected in
the initial diagnosis because the abdominal MRI scan showed severe
iron deposition in the liver and the spleen. The diagnosis of type 2B
hereditary hemochromatosis in this patient was finally confirmed
through a liver biopsy and genetic testing.

In laboratory test results, hemochromatosis was characterized by
markedly elevated transferrin saturation and serum ferritin. The color
Doppler ultrasound and CT examination of the liver of the patient showed
no specific findings, and the liver MRI examination showed a significant
reduction in liver parenchymal signal (8). According to the
recommendations of the nomenclature committee of the International
Society for Iron Research in Biology and Medicine (9), hereditary
hemochromatosis can be classified into four categories: homeostatic iron
regulator (HFE-related) (p. Cys282Tyr homozygous gene mutation,
p.Cys282Tyr/His63 Asp heterozygous gene mutation); non-HFE-related,
including hemojuvelin (HJV), HAMP, transferrin receptor 2(TFR2), solute
carrier family 40 member 1 (SLC40A1) related gene mutations; mixed
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FIGURE 2
Liver biopsy pathology. Before treatment (examination time: 27 March 2023). (A) Prussian blue iron stain, 40x. (B) Prussian blue iron stain, 200x; iron
overload, Grade 4. After treatment (examination time: 5 May 2024). (C) Prussian blue iron stain, 40x. (D) Prussian blue iron stain, 200x; iron overload,
Grade 2.
A HAMP(NM_021175.4):c.166C>G(p.Arg56Gly)
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FIGURE 3

Sequencing peak map of the first pedigree generation with a mutation in the HAMP gene in patients. (A) Patient homozygous variants, (B) patient
paternal heterozygous variants, and (C) the patient’'s mother is heterozygous.

(mixed mutations of HFE-related and non-HFE-related genes); or notyet ~ from 1:83 in Ireland to 1:2500 in southern Europe (10). In patients of
classified (provisional diagnosis: after sequencing known genes, molecular ~ European origin, homozygous HFEp.Cys282Tyr mutations have been
characteristics are temporarily unavailable). Hereditary hemochromatosis ~ found in 80% of patients (11). The patient in this report has type 2B
is more common in European populations, with a prevalence ranging  hereditary hemochromatosis caused by a rare HAMP gene mutation,
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TABLE 1 Changes in iron metabolism and liver function indices during treatment.

Characteristics  Reference values  Bef TPfor3M TPfor6M TP for TP for
10M 14M
FE(umol/L) 9.0-32.0 43 408 41 71.8 36.4 13.9
FER(ug/L) 27.00-375.00 >2000 >1,500 >1,500 >1,500 759.84 75.1
TS(%) 20.0-55.0 69.35 67.1 592 29.1 602 194
Hb(g/L) 130-175 139 128 129 130 130 125
ALT(U/L) 0-50 53 66 29 29 31 15
AST(U/L) 0-40 55 40 48 36 28 16
TBIL(umol/L) 0-26 13.9 12.1 15.9 14.5 14.1 12.3
IBIL(pmol/L) 0-18 10.8 9.2 13.4 12.2 10.9 8.9
Glu(mmol/L) 3.89-6.11 6.17 5.59 6.02 5.8 552 557

TP, Therapeutic phlebotomy; M, month; FE, serum iron; FER, ferritin; TS, transferrin saturation; Hb, hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Glu, blood

glucose.

which is also known as juvenile hereditary hemochromatosis (12).
Compared with hereditary hemochromatosis caused by HFE and TFR2,
HAMP gene mutation has a greater risk of heart attack, skin changes, liver
fibrosis, and hypogonadism (13). It has been demonstrated that HAMP
gene knockout mice can develop intrahepatic iron overload at 2 months
of age, and with increasing age, iron deposition both inside and outside of
the liver increases rapidly (14). Hereditary hemochromatosis with
mutations in the HAMP gene can lead to islet autoantibody-positive type
1 diabetes (15). This patient had high blood sugar before treatment. The
first line of treatment for hemochromatosis is phlebotomy, which is
performed to reduce iron accumulation in the body (16). Venous
bloodletting treatment can improve fatigue, joint pain, and liver function
indicators, reducing liver fibrosis and cirrhosis in some patients (1). The
morbidity and mortality in patients with hemochromatosis are
significantly reduced when phlebotomy treatment is initiated before the
development of cirrhosis and/or diabetes (17). Following venous
bloodletting treatment in this patient, we observed that serum ferritin and
serum iron levels were significantly reduced, fatigue and joint pain were
alleviated, blood sugar returned to the normal range, and liver function
and liver fibrosis improved. We have not found further adverse reactions
since the venous bloodletting treatment. The limitation of this report is
that it is still an ongoing treatment case. It is unclear whether the patient’s
liver function and serum iron level will stabilize after stopping the venous
bloodletting therapy.

In summary, the incidence of hereditary hemochromatosis related
to mutations in the HAMP gene is rare in China. Insidious onset and
diverse clinical manifestations in patients may lead to misdiagnosis by
clinicians. This patient’s hereditary hemochromatosis was identified
due to the typical “black liver disease” presented in the liver MRI. The
identification and treatment process in this report may provide
valuable insights and ideas to front-line clinicians in the diagnosis and
therapy of hemochromatosis.
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