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Improvement of chronic hepatitis B by iron
chelation therapy in a patient with iron overload

A case report
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Abstract

\

Rationale: This report describes seroconversion of hepatitis B surface antigen (HBsAg) in a patient with marked iron overload |
caused by chronic hepatitis B (CHB) after receiving iron chelation therapy and discusses the role of iron chelation therapy in CHB.

Patient concerns: Increased serum ferritin level for 2 months.
Diagnosis: Secondary iron overload and CHB.

Intervention: To relieve iron load of the body, the patient underwent regular phlebotomy therapy and deferoxamine (DFO) therapy.
During the therapy, serum ferritin and hepatitis B virus (HBV) were monitored and the iron concentration of the liver and heart were
followed by T2* of magnetic resonance imaging (MRI) scan.

Outcomes: Serum ferritin gradually decreased. Approximately 1 year after the therapy, HBsAg turned persistently negative.
Lessons: Iron chelation therapy may attenuate HBV infection.

Abbreviations: ADV = adefovir dipivoxil, ALT = alanine aminotransferase, anti-HBc = antibody to HBV core antigen, anti-HBe =
antibody to HBV e antigen, anti-HBs = HBV surface antigen, AST = aspartate transaminase, CHB = chronic hepatitis B, CHC =
chronic hepatitis C, DFO = deferoxamine, DNA = deoxyribonucleic acid, HBeAg = HBV e antigen, HBsAg = hepatitis B surface
antigen, HBV = hepatitis B virus, IL = interlukin-6, miR-122 = micro ribonucleic acid-122, MRI = magnetic resonance imaging, ROS =

reactive oxygen species.
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1. Introduction

Approximately 2 billion people worldwide are infected with
hepatitis B virus (HBV), and more than 350 million have chronic
hepatitis B (CHB).!"! In patients with CHB, increased iron status
is common, with elevated serum iron and ferritin levels and iron
accumulation in the liver.!”! Forty-two percent of patients with
CHB were found to have positivity for hepatic iron through liver
biopsy, whereas both hepatic iron concentrations and serum
ferritin levels were normal.”?! Excessive iron will result in reactive
oxygen species (ROS) overproduction,'™ which attacks compo-
nents of cells and further induces hepatic, cardiovascular, and
pancreatic dysfunctions, such as liver fibrosis, cirrhosis, and
hepatic carcinoma.”®! Iron accumulation can even retard the
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effect of antiviral therapy.' Mechanisms of iron overload in
patients with CHB may involve hepcidin,’! liver injury,®! viral
activity,!®”! micro ribonucleic acid-122 (miR-122),"! ROS,”!
interlukin-6 (IL-6), and other inflammatory factors."!

Many studies have explored the connection between iron
overload and HBV lifecycle with differing results. Some found
that iron promotes HBV lifecycle,!'%!!! whereas others found the
opposite results.'>!31 In addition, the evidence on the effect of
iron chelation treatment on patients with CHB with iron
overload is limited.

We describe the case of a middle-aged male patient diagnosed
with iron overload caused by CHB. Regular phlebotomy therapy
combined with intravenous infusion of deferoxamine (DFO) not
only improves liver iron deposition but also facilitates serocon-
version of hepatitis B surface antigen (HBsAg).

2. Case report

A 42-year-old man was referred to the Department of
Hematology, Xuanwu Hospital, Capital Medical University, in
August 30, 2010, because of increased serum ferritin level for 2
months.

Two months before the admission, he was followed up
regularly at another hospital because of 20-year history of CHB.
The liver showed high density on the computed tomography (CT)
scan, with a CT value of 86HU, and serum ferritin level was
>1500ng/mL (the upper limit of the detection threshold),
whereas the liver showed normal density on the CT scan in
200S5. Further biopsy examination of the liver showed marked
iron deposition, and iron staining was positive in hepatocytes.
Subsequently, the patient was transferred to Xuanwu Hospital.
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Figure 1. Indexes changing trend during the iron chelation therapy. (A) Serum
ferritin level gradually decreased to the normal level 4 years after therapy and
continued to decrease. The hepatic iron concentration gradually decreased,
whereas cardiac iron concentration increased first and then decreased. (B) The
HBsAg level gradually decreased and became persistently negative approxi-
mately 1 year after the therapy, when anti-HBs became positive, and the titer
gradually increased.

At that time, the patient had no symptom of discomfort, his
HBsAg result had been continuously positive for 20 years; he had
taken adefovir dipivoxil (ADV) regularly for § years, and the
HBV deoxyribonucleic acid (DNA) result had already turned
continuously negative for 3 years. No evidence of hepatic
cirrhosis or hepatocellular carcinoma was seen. He had no other
positive past medical history. His father was also an HBV carrier
and had died because of hepatic carcinoma.

Upon physical examination at admission, no positive sign was
detected, except for the obvious skin hyperpigmentation. Auxiliary
examinations revealed normal complete cell count of the peripheral
blood. Both alanine aminotransferase (ALT) and aspartate
transaminase (AST) levels were slightly increased. Results for
HBsAg, antibody to HBV core antigen (anti-HBc¢), and antibody to
HBYV e antigen (anti-HBe) were positive; and those for antibody to
HBV surface antigen (anti-HBs) and HBV e antigen (HBeAg) were
negative; HBV DNA result was quantitatively negative. Serum
ferritin concentration, serum iron concentration, transferritin,
saturation of transferritin, and total iron-binding capacity were
4235 ng/mL (23.9-336.2ng/mL), 209 pg/dL (50-150 pg/dL), 1.5
g/L (2-3.6g/L), 75% (25-35%), 266 ng/dL (200-400 ng/dL),
respectively. Cytology of the bone marrow showed the normal
plasia of the trilineage cells, and the iron staining of the bone
marrow was strongly positive for extracellular iron and side-
roblastosis without ring sideroblast.

All the data suggested iron overload condition. To exclude the
primary hemochromatosis, mutations of 8 common related genes
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(HFE, HFE2, FPN, HAMP, TRE2, BMP6, FTH, and FTL) were
detected, and the results were negative. Because the patient had
normal growth and development, change in hepatic density
occurred in recent years; the primary hemachromatosis-related
gene mutations were negative, and the patient was diagnosed
with secondary iron overload and CHB.

To relieve iron load of the body, the patient underwent
phlebotomy therapy, under the condition of normal hemoglobin
levels, from September 2010 until presently (300-400 mL each
time, 0-2 times per month) and regular DFO therapy for
approximately half a year from November 2011. There were no
adverse effects. During the therapy, the following indexes were
monitored: serum ferritin, ALT, AST, HBsAg, Anti-HBs,
HBeAg, Anti-HBe, Anti-HBc, and HBV DNA quantification.
One year after therapy, the iron concentration of the liver and
heart were monitored by T2* of magnetic resonance imaging
(MRI) scan.

Along with iron chelation therapy, the hyperpigmentation of
the patient’s skin gradually disappeared, and the serum ferritin
gradually decreased to the normal level 4 years after therapy and
continued to attenuate (Fig. 1A). In MRI, the hepatic T2* value
became normal 5 years after the therapy. Subsequently, hepatic
iron deposition continued to improve (Fig. 1A and Fig. 2). In
contrast, cardiac iron concentration was normal at the beginning
of iron chelation therapy; however, along with the therapy, heart
iron overload gradually appeared. As the MRI examinations
showed, cardiac T2* value gradually decreased, and the patient
had heart iron overload for the first time approximately 4 years
after therapy, when cardiac T2* value and cardiac iron
concentration were 19.2ms and 1.22mg/g, respectively. Four
and half years after therapy, when hepatic iron concentration was
nearly normal, cardiac iron concentration reached the maximum,
1.44 mg/g, and cardiac T2* value was 16.8 ms. Not until hepatic
iron concentration normalized, did the cardiac iron concentra-
tion begin to decrease, with a speed much slower than in the liver
(Fig. 1A and Fig. 3).

The most unexpected result is that CHB has greatly improved.
The HBsAg level gradually decreased and turned persistently
negative approximately 1 year after the therapy, when Anti-HBs
turned positive, and the titer gradually increased (Fig. 1B).
Besides, we also performed HBV DNA quantification, which
showed persistently negative result. The liver function also
decreased to normal levels approximately 1 year after the
therapy. Therefore, the ADV treatment was stopped 4 years after
the initiation of iron chelation treatment.

Currently, the patient is in a very good condition, without any
antiviral therapy. To decrease the cardiac iron concentration, the
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Figure 2. MRIimages and signal attenuation curves of the liver during the iron chelation therapy. (A—-C) The MRl images of hepatic parenchyma at the same level 2,
4, 6 years after therapy, respectively. The more the iron deposits in the liver, the weaker the signal in the first image, and the faster the signal attenuates, (D) the
bigger the slope of the signal attenuation curve is. The arrow shows hepatic parenchyma.
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MRIimages and signal attenuation curves of the heart during the iron chelation therapy. (A—-C) The MRl images of interventricular septum at the same level

2, 4.5, 6 years after therapy, respectively. The more the iron deposits in interventricular septum, the weaker the signal of the first image, the faster the signal
attenuates, (D) the bigger the slope of the signal attenuation curve is. The arrow shows the interventricular septum.

patient still received regular phlebotomy therapy, 300 mL every 3
months, without occurrence of anemia.

3. Discussion

The most common factors causing iron overload are transfu-
sion"* and primary hemochromatosis.''*! Besides, iron overload
can also be caused by steatohepatitis, alcoholic liver disease, and
chronic viral hepatitis,*! including CHB and chronic hepatitis C
(CHC). On the basis of the diagnosis of hemochromatosis by the
American Association for the Study of Liver Diseases in 2011 and
the EASL clinical practice guidelines for HFE hemochromatosis
in 2010,!"*'7! diagnosis of primary hemochromatosis should be
based on mutation of related genes, including C282Y, H63D,
HAMP, HJV, TRF2, or FPN, and evidence of increased iron
stores. This patient had increased iron stores, but did not have
gene mutation; hence, we excluded the diagnosis of primary
hemochromatosis. Besides, the patient had no transfusion
history, no history of alcohol consumption, and no other liver
diseases except CHB, and the liver density markedly increased
more than 15 years after his diagnosis of CHB; thus, we
diagnosed the patient with secondary iron overload, and
suspected that the iron overload was caused by CHB.

Similar to common iron overload found in patients with
CHC,"8"I"iron overload is also a common phenomenon in
patients with CHB, particularly in the male sex, who does not
have menstrual blood loss to excrete iron, and more severe in
patients coinfected with hepatitis D virus.?*! Before Dibisceglie
et al" first found elevated serum ferritin and iron levels in
patients with CHC virus in 1992, elevated serum iron in patients
with CHB had already been observed by Sutnick et al”! as early
as 1974. Subsequently, Felton et al'®*!! described increased
serum iron and iron saturation in HBsAg(+) patients and
decreased ones after serum conversion. Subsequently, Kageyama
et al”?! in 2000 confirmed liver iron overload in patients with
CHB and CHC based on liver biopsy examination. Thereafter,
more studies began to find iron overload in patients with CHB,
whereas successful antiviral therapy can reverse it.[*?!

To date, many studies have been devoted to exploring the
mechanism on how HBV leads to iron overload. As an important
trace element in the human body, iron is controlled in a relatively
narrow range by hepcidin, which is a peptide expressed
predominantly in the liver.**) When the hepcidin levels are
altered, iron metabolism will be perturbed.”*! Non-hepcidin

mechanisms also affect iron metabolism.'**! In contrast to the
uniform perspective that reduced hepcidin level*! leads to iron
overload in patients with CHC, the mean hepcidin level in
patients with CHB is higher than that in healthy controls.[*¢!
Hepcidin level in patients with CHB is different from that in
patients with CHC, which suggests that a non-hepcidin
dependent pathway leading to iron overload exists, which
further induces the upregulation of hepcidin, in patients with
CHB. In addition, liver injury,'® viral activity,'®”! miR-122,®!
ROS,”'IL-6, and other inflammatory factors'! were found to be
involved in iron overload in patients with CHB.

In turn, iron can also affect HBV proliferation. Many studies
have suggested the positive role of iron on HCV translation,
whereas the role of iron in promoting or suppressing HCV
replication is debatable.!**! However, studies regarding the effect
of iron on HBV life cycle are relatively less, with disputable
results. In 1983, a study with 44 HBV patients found that higher
levels of serum ferritin before HBV infection increased the
likelihood that the infection will be persistent,'*”! suggesting that
iron may promote HBV infection. Other studies using cell models
also found that iron promotes HBsAg release,!'”) mRNA and
DNA expression,!''! and HBV DNA secretion.?®! In this case,
HBsAg result became negative after iron chelation therapy, along
with decreased iron load. Thus, we speculate that iron chelation
therapy may promote seroconversion of HBsAg, and that iron
promotes HBV infection. However, some other studies using cell
models found that iron inhibits HBV replication'*® and
release.'®!3! Those disputable results may be due to different
methods. Besides, whether these results from in vitro research
could be suggestive to understand the effect of iron on HBV in
human body is questionable.

Studies regarding HBsAg result becoming negative after
antiviral therapy have been reported. Studies regarding the
curative effect of ADV used singly for patients with HBeAg-
negative CHB showed that the 1-, 2-, and 5-year cumulative rates
of HBsAg <1001U/mL were 0, <3%, <5%, respectively, and
that 1-year cumulative rate of HBV DNA becoming negative was
65%.12%3% The patient in this case used ADV regularly, and
achieved negative HBV DNA and negative HBsAg 2 and 6 years
after using ADV, respectively. The possibility of seroconversion is
very low if using ADV singly. Thus, we speculate that iron
chelation therapy may increase the possibility of seroconversion.

There is a lag in the loading and unloading of heart iron with
respect to liver iron in this case, which has been observed by
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Noetzli et al®™ and Chen et al.'*?! Jensen et al'*3! also points that
liver iron concentration threshold (approximately 350 wmol/g)
exists, after which chelatable iron pool is allowed to expand to
this critical size and iron begins to be deposited in the heart.
Noetzli et al’®!! explained that elevated liver iron may damage the
liver, inhibiting liver non-transferrin bound iron (NTBI) uptake
and increasing heart NTBI exposure. Maybe the ability of liver
NTBI uptake can recover only when it is completely free of the
damage by iron overload. High liver iron levels seem to increase
the risk of heart iron deposition.!**! Furthermore, it is slower and
more difficult to remove myocardial iron than hepatic iron,"!
which is obvious for this patient, whose heart iron concentration
was only reduced by 0.02mg/g after bloodletting 1500 mL,
whereas liver iron concentration was reduced by 1.03 mg/g.

4. Conclusion

The relationship between HBV and iron overload is complicated.
Iron overload is common in patients with CHB, in which the
mechanism is unclear. Whether iron promotes or inhibits HBV
infection is disputable. It is easy for iron to be deposited and
removed in the liver, whereas the speed of cardiac iron deposition
and removal is much slower. This case shows the importance of
monitoring liver iron status, and beginning iron chelation therapy
once liver iron overload occurs and before heart iron overload
occurs in patients with CHB. Iron chelation therapy can even
increase the possibility of seroconversion.

Acknowledgment

The authors thank the patient kindly offering all his medical
history and participating in the present study who provided
written permission for publication of this case report.

References

[1] Lavanchy D, Hepatitis . B virus epidemiology, disease burden, treatment,
and current and emerging prevention and control measures. J Viral
Hepat 2004;11:97-107.

[2] Kageyama F, Kobayashi Y, Kawasaki T, et al. Successful interferon
therapy reverses enhanced hepatic iron accumulation and lipid
peroxidation in chronic hepatitis C. Am ] Gastroenterol 2000;95:
1041-50.

[3] Pra D, Franke SIR, Henriques JA, Fenech M. Iron and genome stability:
an update. Mutat Res 2012;733:92-9.

[4] Vanthiel DH, Friedlander L, Fagiuoli S, et al. Response to interferon-
alpha therapy is influenced by the iron content of the liver. ] Hepatol
1994;20:410-5.

[5] Wang XH, Cheng PP, Jiang F, et al. The effect of hepatitis B virus
infection on hepcidin expression in hepatitis B patients. Ann Clin Lab Sci
2013;43:126-34.

[6] Felton C, Lustbader ED, Merten C, et al. Serum iron levels and response
to hepatitis B virus. Proc Natl Acad Sci U S A 1979;76:2438-41.

[7] Sutnick AlI, Blumberg BS, Lustbader ED. Letter: elevated serum iron
levels and persistent Australia antigen (HBsAG). Ann Intern Med
1974;81:855-6.

[8] Castoldi M, Spasic MV, Altamura S, et al. The liver-specific microRNA
miR-122 controls systemic iron homeostasis in mice. J Clin Invest
2011;121:1386-96.

[9] Gu JM, Lim SO, Oh S]J, et al. HBx modulates iron regulatory protein 1-
mediated iron metabolism via reactive oxygen species. Virus Res

2008;133:167-77.

Medicine

[10] Propst A, Graziadei [, Herold M, et al. The acute phase protein alpha-1-
antitrypsin inhibits transferrin uptake in PLC/PRF/S cells and increases
release of hepatitis B virus surface antigen and alpha-fetoprotein. Eur J
Gastroenterol Hepatol 1998;10:497-502.

[11] Park SO, Kumar M, Gupta S. TGF-( and iron differently alter HBV
replication in human hepatocytes through TGF-(/BMP signaling and
cellular microRNA expression. PLoS One 2012;7:e39276.

[12] Ricchi P, Cinque P, Galeota AL, et al. B virus reactivation during
combined therapy with deferiprone and desferioxamine in a hepatitis B
surface antigen thalassemic carrier. Int ] Hematol 2009;89:135-8.

[13] Fang CY, Zhao C, Liu XH, et al. Protein alteration of HepG2.2.15 cells
induced by iron overload. Proteomics 2012;12:1378-90.

[14] Marsella M, Borgna-Pignatti C. Transfusional iron overload and iron
chelation therapy in thalassemia major and sickle cell disease. Hematol
Oncol Clin North Am 2014;28:703-27.

[15] Sebastiani G, Walker AP. HFE gene in primary and secondary hepatic
iron overload. World J Gastroenterol 2007;13:4673-89.

[16] Pietrangelo A, Deugnier Y, Dooley ], et al. EASL clinical practice
guidelines for HFE hemochromatosis. ] Hepatol 2010;53:3-22.

[17] Bacon BR, Adams PC, Kowdley KV, et al. Diagnosis and management of
hemochromatosis: 2011 practice guideline by the American Association
for the Study of Liver Diseases. Hepatology 2011;54:328-43.

[18] Hoerl WH, Schmidt A. Low hepcidin triggers hepatic iron accumulation
in patients with hepatitis C. Nephrol Dial Transplant 2014;29:1141-4.

[19] Dibisceglie AM, Axiotis CA, Hoofnagle JH, et al. Measurements of iron
status in patients with chronic hepatitis. Gastroenterology 1992;102:
2108-13.

[20] Sebastiani G, Tempesta D, Alberti A. Hepatic iron overload is common in
chronic hepatitis B and is more severe in patients coinfected with hepatitis
D virus. ] Viral Hepat 2012;19:E170-6.

[21] Blumberg BS, Lustbader ED, Whitford PL. Changes in serum iron levels
due to infection with hepatitis B virus. Proc Natl Acad Sci U S A
1981;78:3222-4.

[22] Ohkoshi S, Yoshimura A, Yamamoto S, et al. Successful treatment with
lamivudine may correlate with reduction of serum ferritin levels in the
patients with chronic hepatitis and liver cirrhosis type B. Hepatol Int
2008;2:382-7.

[23] Sangkhae V, Nemeth E. Regulation of the iron homeostatic hormone
hepcidin. Adv Nutr 2017;8:126-36.

[24] Hentze MW, Muckenthaler MU, Galy B, et al. Two to tango: regulation
of mammalian iron metabolism. Cell 2010;142:24-38.

[25] Zou D-M, Sun W-L. Relationship between hepatitis C virus infection and
iron overload. Chin Med ] 2017;130:866-71.

[26] Wang ], Dong A, Liu G, et al. Correlation of serum hepcidin levels with
disease progression in hepatitis B virus-related disease assessed by
nanopore film based assay. Sci Rep 2016;6:34252.

[27] Lustbader ED, Hann HW, Blumberg BS. Serum ferritin as a predictor of
host response to hepatitis B virus infection. Science (New York, NY)
1983;220:423-5.

[28] Chouteau P, Le Seyec J, Saulier-Le Drean B, et al. Inhibition of hepatitis B
virus production associated with high levels of intracellular viral DNA
intermediates in iron-depleted HepG2.2.15 cells. J Hepatol 2001;34:
108-13.

[29] Marecellin P, Heathcote EJ, Buti M, et al. Tenofovir disoproxil fumarate
versus adefovir dipivoxil for chronic hepatitis B. N Engl ] Med
2008;359:2442-55.

[30] Striki A, Manolakopoulos S, Deutsch M, et al. Hepatitis B s antigen
kinetics during treatment with nucleos(t)ides analogues in patients with
hepatitis B e antigen-negative chronic hepatitis B. Liver Int 2017;37:
1642-50.

[31] Noetzli L], Carson SM, Nord AS, et al. Longitudinal analysis of heart
and liver iron in thalassemia major. Blood 2008;112:2973-8.

[32] Chen X, Zhang H, Yang Q, et al. Value of severe liver iron overload for
assessing heart iron levels in thalassemia major patients. ] Magn Reson
Imaging 2016;44:880-9.

[33] Jensen PD, Jensen FT, Christensen T, et al. Evaluation of myocardial iron
by magnetic resonance imaging during iron chelation therapy with
deferrioxamine: indication of close relation between myocardial iron
content and chelatable iron pool. Blood 2003;101:4632-9.



	Improvement of chronic hepatitis B by iron chelation therapy in a patient with iron overload
	Outline placeholder
	2 Case report
	3 Discussion
	Acknowledgment
	References




