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Anemia is one of the most common complications in patients with inflammatory bowel disease (IBD). Hepcidin as a key regulator
of iron metabolism is pivotal in mediating the occurrence of anemia of chronic disease. Herein, we analyzed the levels of hepcidin in
sera from IBD patients by enzyme-linked immunosorbent assay and investigated its potential role in regulating the anemia in IBD.
We observed that the levels of serum hepcidin were increased in active IBD patients compared with those in remitted IBD patients
and healthy controls and that serum hepcidin was associated with disease activity, CRP, and ESR, respectively. Importantly, we
found that the increased levels of serum hepcidin were positively correlated with the severity of anemia and the imbalance of
iron metabolism in anemic UC and CD patients. Proinflammatory factors (e.g., IL-6, IL-17, and TNF-α) were positively
correlated with the concentrations of serum hepcidin in IBD patients. Interestingly, hepcidin was found to be decreased in
patients with Crohn’s disease after successful therapy with anti-TNF-α mAb (i.e., infliximab), indicating the underlying
association between TNF-α and hepcidin expression. To investigate the specific mechanisms involved, we cultured LO2 and
HepG2 cell lines in vitro under stimulation with TNF-α and observed that the levels of hepcidin mRNA were markedly
upregulated in caspase-3/8- and NF-κB-dependent manners. Therefore, our data suggest that TNF-α stimulates the expression
of hepcidin in IBD patients, resulting in aggravated anemia and that blockage of TNF-α or the caspase-3/8 and NF-κB pathways
could downregulate hepcidin expression. This study provides inspiration for the therapy and management of anemia in IBD.

1. Introduction

Inflammatory bowel disease (IBD) is a group of chronic
inflammatory diseases caused by dysregulated immune
response to microbiota in the gastrointestinal tract and con-
sists of two major forms, including Crohn’s disease (CD) and
ulcerative colitis (UC). Abdominal pain, diarrhea, weight
reduction, and chronic fatigue are the main clinical charac-
teristics of IBD, which significantly impair the quality of

patients’ life. Recent data have demonstrated that the chronic
fatigue of patients is often closely associated with anemia
[1, 2]. Although often neglected, anemia is known as the
most frequent comorbidity of IBD [3], which may progress
in the course of inflammatory response, intestinal bleeding,
disorders of iron absorption [4, 5], vitamin B12 and folate
deficiency, drug-related side effects, and hematologic diseases
[6–8]. Previous study has demonstrated that the prevalence
of anemia in patients with IBD in European countries is

https://orcid.org/0000-0002-3313-4801
https://orcid.org/0000-0002-0326-543X
https://creativecommons.org/licenses/by/4.0/


21% to 27% and that 57% of anemic patients with IBD are
iron deficient [9], emphasizing the importance to the mainte-
nance of iron metabolism balance in clinical treatment.

Hepcidin, a cysteine-rich and antimicrobial peptide, is
mainly synthesized and secreted by the liver. It consists of 8
cysteine residues, forming a single hairpin structure which
contains 4 two-sulfur bonds, and its amino acid sequence is
highly conserved among different mammals [10, 11]. Cur-
rently, three types of hepcidin have been found, including
Hepc22, Hepc25, and Hepc20, and the latter two are
regarded as the main existing forms. Human hepcidin has a
wide range of antimicrobial and antiprotozoan functions
[12, 13]. Injury, infection, and inflammatory response are
found to strongly increase hepcidin expression, and hepcidin
is an important effector molecule affecting iron transport
between different iron pools. Moreover, hepcidin is responsi-
ble for the regulation of the iron homeostasis in the human
body and other mammals by binding and downregulating
ferroportin (FPN), the only known iron exporter that pro-
motes iron absorption by duodenal enterocytes and pumps
iron out of phagocytes and hepatocytes [14–16]. Therefore,
the hepcidin-FPN axis is considered as the central player in
regulating iron homeostasis [17].

The inflammatory response has been found to be
involved in iron metabolism in the human body, and the dis-
covery of hepcidin provides a way to explain the relationship
between immune response and iron metabolism. To date, IL-
6 is found to increase the expression of hepcidin, while the
expression of hepcidin in IL-6 knockout mice does not
change much even with the injection of endotoxin [18, 19].
Tumor necrosis factor- (TNF-) α, produced as a soluble or
transmembrane protein, is one of the key proinflammatory
factors in immune response. After binding to receptors
TNFR1 and TNFR2, NF-κB is activated and various biologic
functions are conducted subsequently [20]. Previous work
has demonstrated that TNF-α induces the anemia in IBD
patients by weakening absorption of iron [21, 22], while
anti-TNF-α therapy improves anemia in CD patients and
is associated with the decreased levels of serum hepcidin
[23, 24]. However, whether TNF-α directly stimulates hepci-
din expression and the mechanisms involved are still unclear.

In this study, we investigated hepcidin expression in the
sera of IBD patients and found that the concentrations of
hepcidin were higher in the sera of active IBD patients than
in remitted IBD patients and healthy controls. The levels of
hepcidin were also significantly increased in anemic UC
and CD patients than in nonanemic patients, which were
positively correlated with the severity of anemia and the
imbalance of iron metabolism, and relevant to disease activ-
ity, CRP, and ESR of IBD patients. Moreover, the levels of
hepcidin were associated with the levels of proinflammatory
cytokines (e.g., TNF-α, IL-6, and IL-17) in IBD patients.
Interestingly, the application of anti-TNF-αmAb could effec-
tively suppress hepcidin expression in active CD patients and
significantly improve the status of anemia. In vitro experi-
ments were also conducted to reveal that TNF-α could
enhance the expression of hepcidin in both LO2 cells and
HepG2 cells in caspase 3/8- and NF-κB-dependent manners.
Therefore, our study suggests that hepcidin is increased in

active IBD patients and that TNF-α could facilitate hepato-
cytes to produce hepcidin during inflammatory response in
IBD. Our study highlights that the application of anti-TNF-
α mAb or inhibitors of caspase 3/8 and NF-κB could reverse
the increase of hepcidin, which may be effective for the treat-
ment of chronic inflammatory anemia caused by long-term
hepcidin overexpression.

2. Materials and Methods

2.1. Ethical Considerations. This study was approved by
the Review Boards for Clinical Research from both Henan
Provincial People’s Hospital and Shanghai Tenth People’s
Hospital. The methods were conducted according to the
approved guidelines, and informed permission was also
obtained from all subjects.

2.2. Patients and Sample Collection. Information of all
patients with IBD was collected from the Department of
Gastroenterology of Shanghai Tenth People’s Hospital
from January 2017 to December 2018. The combination
of conventional clinical symptoms and radiological and
endoscopic features contributed to establish the diagnosis
of UC and CD. 66 patients with CD (25 active CD patients
and 41 CD patients in remission), 33 patients with UC (22
active UC patients and 11 UC patients in remission), and
22 healthy volunteers were recruited to donate serum sam-
ples. Glucocorticoids, iron supplementary therapy, biological
agents, and blood transfusion therapy had not been given to
all patients in the last one month when recruited, and all
patients had no other autoimmune diseases like rheumatoid
arthritis and autoimmune hepatitis and infectious diseases
like intestinal tuberculosis and intestinal amebic dysentery
infection. The clinical characteristics of patients and healthy
volunteers are described in Table 1.

2.3. Analysis of Routine Biochemical Parameters. EDTA
anticoagulated blood samples were obtained from both IBD
patients and healthy volunteers after overnight fasting.
Hemoglobin (Hb), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemo-
globin concentration (MCHC), ferritin, vitamin B12, folic
acid, erythrocyte sedimentation rate (ESR), and C-reactive
protein (CRP) were measured on the Beckman LX20 ana-
lyzer (Brea, CA, USA) according to routine laboratory tests.

2.4. Reagents. The ELISA kit for analysis of human hepcidin
was purchased from CUSABIO (College Park, MD, USA).
ELISA kits for human TNF-α, IL-17, and IFN-γ were all pur-
chased from BioLegend (San Diego, CA, USA). The RNeasy
kit was purchased from Qiagen (Valencia, CA, USA). SYBR
PrimeScript RT reagent kits were purchased from TaKaRa
(Dalian, China). Dulbecco’s Modified Eagle’s Medium
(DMEM), fetal bovine serum (FBS), penicillin (100U/mL)
and streptomycin (100 g/mL), L-gentamycin, and 2-ME were
all purchased from HyClone (Logan, UT, USA). Human nor-
mal LO2 hepatocytes and human liver-derived hepatoma G2
cells (HepG2) were purchased from the Chinese Academy of
Sciences Committee Type Culture Collection cell bank
(Shanghai, China). The CCK-8 kit was purchased from the
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Shanghai Yeasun Biotechnology Company, Ltd. (Shanghai,
China). The JNK inhibitor (JNK-IN-8, 10 μM), NF-κB
inhibitor (BAY 11-7082, 10μM), and caspase-3/8 inhibitor
(Z-DEVD-FMK, 50μM) were purchased from Selleckchem
(Shanghai, China).

2.5. Enzyme-Linked Immunosorbent Assay (ELISA). Blood
samples were allowed to clot for 2 h at room temperature or
overnight at 4°C before centrifugation for 15min at 1000 g.
The serum was then removed immediately and stored at
-80°C for further analysis.

2.6. Culture of LO2 Cells and HepG2 Cells. DMEM supple-
mented with 10% heat-inactivated fetal bovine serum
(FBS), penicillin (100U/mL), and streptomycin (100 g/mL)
was used to culture human normal hepatocyte LO2 cell line
and human liver-derived hepatoma G2 cell line (HepG2).
TNF-α (10 ng/mL), IL-6 (10 ng/mL), and LPS (100 ng/mL)
were used to stimulate these cell lines, respectively, and
DMEM supplemented with 2% heat-inactivated FBS, penicil-
lin (100U/mL), and streptomycin (100 g/mL) was used dur-
ing treatment. After 6, 12, and 24 h of culture, cells were
harvested and the total RNA was extracted using the RNeasy
kit according to the manufacturer’s instructions. The mRNA
levels of hepcidin were analyzed by qRT-PCR. To further
investigate the mechanism whereby TNF-α regulates hepci-
din expression, anti-TNF-αmAb (infliximab, IFX, 50 ng/μL),
JNK inhibitor (JNK-IN-8, 10μM), NF-κB inhibitor (BAY 11-
7082, 10μM), and caspase-3/8 inhibitor (Z-DEVD-FMK,
50μM) were added into the culture. After 12h of culture,
cells were harvested and the expression of hepcidin mRNA
was detected by qRT-RCR.

2.7. Cell Viability Assay. The CCK-8 kit was used to deter-
mine cell viability and the optical density value (OD value)
which was in direct proportion to the number of living cells

was used to express cell viability. A microplate reader was
used to measure the absorbance at 450 nm. All experiments
were performed in triplicate.

2.8. Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR). The RNeasy kit was used to extract the total
RNA in accordance with the manufacturer’s instructions. A
NanoVue spectrophotometer (GE Healthcare; Piscataway,
NJ, USA) was used to assess the quantity and quality of the
samples, with 280/260 > 1:8 and 28S/18S > 1:4. The TaKaRa
SYBR PrimeScript reverse RT reagent kit was used to synthe-
size the complementary, conforming to the manufacturer’s
instructions. Reverse transcription PCR reactions were con-
ducted under the following conditions: 25°C for 10min,
followed by 42°C for 15min and 85°C for 5min. SYBR green
methodology was used to perform quantitative real-time
PCR (qRT-PCR) in the ABI prism 7900 HT sequence detec-
tor (Applied Biosystems; Foster City, CA, USA). GAPDH
was analyzed as the endogenous reference gene. The synthe-
ses of all primers were conducted by ShengGong Biotech
(Shanghai, China) according to standard methodologies.
PCR reactions were conducted with 40 cycles under the set-
ting conditions: 95°C for 1min, followed by 40 cycles at
95°C for 15 sand 60°C for 30 s. Triplicate wells were used to
perform qRT-PCR analysis for all samples. The relative levels
of target gene expression were analyzed as a ratio relative to
the GAPDH reference mRNA. The specific primers were
synthesized as follows: hepcidin (sense, 5′-CTGACCAGT
GGCTCTGTTTTC-3′; antisense, 5′-GAAGTGGGTGT
CTCGCCTC-3′) (ShengGong Biotech; Shanghai, China).

2.9. Anti-TNF-α mAb Treatment in Patients with Crohn’s
Disease. Patients with active Crohn’s disease (A-CD, n = 32)
were recruited from the Department of Gastroenterology of
Shanghai Tenth People’s Hospital and received iv injection
of anti-TNF-α mAb (i.e., infliximab, IFX) at the dose of

Table 1: The clinical characteristics of IBD patients and healthy volunteers.

HC UC (A/R)b CD (A/R)b

Patients 22 22/11 25/41

Age, years (range) 39:75 ± 16:17 (15-67) 37:63 ± 14:49 (12-79) 42:37 ± 17:95 (11-89)
Gender (M/F) 13/9 18/15 34/32

Medical therapy received

5-ASA 19 40

Immunosuppressants 14 26

Biologics 0 0

Disease extenta

Proctosigmoiditis (E1) 10

Left-sided colitis (E2) 9

Extensive colitis (E3) 14

Disease locationa

Ileum only (L1) 21

Colon only (L2) 18

Ileum and colon (L3) 16

Upper gastrointestinal tract (L4a) 11
aMontreal classification; bA/R: active/remission.
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5mg/kg (Cilag AG; Schaffhausen, Switzerland) at weeks 0, 2,
and 6 as described previously [22, 25]. The characteristics of
CD patients including age, sex, smoking history, medical
treatment, disease duration, and lesion areas are described
in Table 2. The clinical response in these patients was
recorded weekly, and CD patients were classified into two
groups according to the changes of Crohn’s disease activity
index (CDAI), including the Response group (CDAI < 150
or decrease of CDAI score ≥ 70 points) and the Failure group
(CDAI > 150 and decrease change of the CDAI < 70 points).
Serum samples were collected prior to and 12 weeks after the
first anti-TNF-α mAb therapy, and the levels of hepcidin
were analyzed by an ELISA.

2.10. Statistical Analyses. All data were expressed as mean
± standard error of the mean (S.E.M.). GraphPad Prism 6
and SPSS statistics version 14.0 (SPSS; Chicago, IL, USA)
were used to perform data analysis. Unpaired Student’s
t-test and one-way analysis of variance (ANOVA) were
used to calculate statistical significance. Spearman’s corre-
lation was used to perform correlation analysis. A value
of P < 0:05 was considered statistically significant.

3. Results

3.1. Hepcidin Increases in the Sera of IBD Patients and Is
Relevant to Disease Activity, CRP, and ESR, Respectively.
Our previous study has demonstrated that the incidence of
anemia is increased in IBD patients, especially in patients
with active disease [22]. To further investigate the clinical
relevance of anemia to the pathogenesis of IBD, we focused
on hepcidin which plays a pivotal role in regulating iron
metabolism. We defined CDAI ≥ 150 as active CD (A-CD),
CDAI < 150 as CD in remission (R-CD), Mayo score ≥ 3 as
active UC (A-UC), and Mayo score ≤ 2 as UC in remission
(R-UC) in our study. By measuring the serum concentration
of hepcidin by ELISA, we observed that the concentrations
of hepcidin were higher in the sera of active IBD patients
compared with those in remitted IBD patients (P < 0:0001

in A-UC vs. R-UC and P < 0:0001 in A-CD vs. R-CD)
and healthy controls (HC) (P < 0:0001 in A-UC vs. HC,
and P < 0:0001 in A-CD vs HC), while no difference in
serum hepcidin was detected between IBD patients in
remission stage and healthy controls (Figure 1(a)).

A positive correlation was displayed between CDAI and
serum hepcidin in CD patients (r = 0:4134, P < 0:01) as well
as the Mayo score and serum hepcidin in UC patients
(r = 0:7059, P < 0:001) (Figures 1(b) and 1(c)). CRP and
ESR, which are routinely used for evaluation of the disease
activity in IBD, were also analyzed in these patients, and
serum hepcidin was identified to be positively correlated with
CRP (r = 0:7141, P < 0:0001 in UC; r = 0:6673, P < 0:0001
in CD) and ESR (r = 0:5399, P = 0:0021 in UC; r =
0:5696, P < 0:0001 in CD) in IBD patients, respectively
(Figures 1(d)–1(g)). Collectively, these data illustrate that
hepcidin is significantly increased in active IBD patients
in comparation with that in remitted IBD patients and
healthy controls and that hepcidin in IBD patients is rele-
vant to disease activity, CRP, and ESR, respectively.

3.2. The Levels of Hepcidin Is Associated with the Severity of
Anemia in IBD Patients. As we demonstrated above, the con-
centrations of hepcidin were significantly increased in the
sera of active IBD patients in comparation with those IBD
patients in remission and healthy controls, while whether
the distinct hepcidin expression affected the occurrence of
anemia or not was still unclear. To further study the relation-
ship between hepcidin and anemia in IBD patients, we
defined the Hb level less than 130.0 g/L in men and less than
120.0 g/L in nonpregnant women as anemia [26]. The ratio of
Hb of patients when recruited at the study to the lower range
limit (LRL) was used to appraise the degree of anemia. For
intuitive analysis, we arbitrarily set the level of Hb at the
LRL to 100%, and the percentage was used to express the rel-
ative changes of Hb levels in IBD compared with the LRL. In
our study, 59 patients (21 UC and 38 CD) were found to be
anemic, and the incidence of anemia was 63.64% in UC
and 57.58% in CD, respectively. In addition, the serum levels

Table 2: The clinical characteristics of active CD patients.

Response group Failure group

Patients 19 13

Age, years (range) 36:41 ± 12:17 (18-57) 39:25 ± 13:83 (20-61)
Gender (M/F) 9/10 5/8

Medical therapy received

5-ASA 12 7

Immunosuppressants 7 6

Biologics 0 0

Disease location

Ileum only (L1) 4 3

Colon only (L2) 8 6

Ileum and colon (L3) 2 1

Upper gastrointestinal tract (L4a) 5 3

Disease duration (months) 31:56 ± 25:97 36:71 ± 23:59
Smoking history (months) 67:62 ± 21:31 58:94 ± 19:83
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of hepcidin were observed to be higher in UC and CD
patients with anemia than in UC and CD patients without
anemia (P < 0:01 in UC; P < 0:0001 in CD) (Figures 2(a)
and 2(b)). Negative correlations were disclosed between
serum hepcidin and the percentages of LRL of Hb in UC
patients (r = −0:6672, P < 0:0001) as well as serum hepcidin
and the percentages of LRL of Hb in CD patients
(r = −0:5507, P < 0:0001) (Figures 2(c) and 2(d)). Therefore,
we speculated that the increased expression of hepcidin exac-
erbated the severity of anemia in active IBD patients, but how
hepcidin influenced the occurrence of anemia was still not
understood. For this reason, the concentrations of serum
iron, ferritin, folate, and vitamin B12 were also analyzed in
IBD patients. As shown in Figures 2(e)–2(h), negative corre-
lations were illustrated between serum hepcidin and iron in
both UC and CD patients (r = −0:3994, P = 0:0288 in
UC; r = −0:4130, P = 0:0005 in CD), while positive correla-
tions were observed between serum hepcidin and ferritin
(r = 0:8172, P < 0:0001 in UC; r = 0:4661, P = 0:0002 in
CD). However, there were no associations existing between
serum hepcidin and folate and vitamin B12 (supplementary
Figures 1(a)-1(d)). These results indicate that hepcidin
aggravates the severity of anemia in IBD patients by
spoiling the balance of iron metabolism.

3.3. Relevance of Biochemical Parameters to the Anemia of
IBD Patients. As shown in Table 3, the levels of mean corpus-
cular volume (MCV), mean hemoglobin content (MCH),
and mean corpuscular hemoglobin concentration (MCHC)
obviously decreased in CD patients with anemia compared
with those in CD patients without anemia (P < 0:0001). The
levels of MCV, MCH, and MCHC were also observed lower
in UC patients with anemia than that in UC patients without
anemia (P < 0:0001 for MCV, P < 0:0005 for MCH and
MCHC). These results demonstrated that IBD patients in
our study had microcytic hypochromic anemia, which
mainly consists of iron-deficiency anemia (IDA) and anemia
of chronic disease (ACD). Moreover, we found that the levels
of serum iron in UC and CD patients with anemia were
much lower than those in UC and CD patients without ane-
mia (P < 0:0001 in UC, P < 0:0001 in CD). However, no sig-
nificant differences in serum ferritin, vitamin B12, and folic
acid were observed between anemia and nonanemia groups.
Taken together, these results indicate that anemia frequently
occurs in IBD patients, which is mainly attributed to abnor-
mal iron metabolism.

3.4. Correlations between Serum Hepcidin and
Proinflammatory Factors. Alternative relapsing and remit-
ting inflammation in intestinal mucosa are frequently
present in IBD patients, and considerable amount of proin-
flammatory factors (e.g., TNF-α, IFN-γ, IL-6, and IL-17) in
intestinal microenvironment plays important roles in
impairing iron absorption and erythropoietin production in
response to anemia. Moreover, the increased hepcidin
expression is also attached to the inflammatory response to
some degree. Although previous study [27] has proved that
IL-6 is the main factor stimulating the expression of hepcidin
through the STAT3 signaling pathway in patients with septi-

cemia and burns and that the high level of hepcidin mRNA is
also observed in IL-6-deficient mice with chronic inflamma-
tion [28]. We asked whether there were one or more kinds of
other inflammatory factors existing in the microenvironment
which have the same compacts on hepcidin as IL-6. Thus, in
our study, the serum concentrations of IL-6, TNF-α, IFN-γ,
and IL-17 were detected and analyzed. As shown in
Figures 3(a)–3(f), the concentrations of serum IL-6, TNF-α,
and IL-17 were observed to be positively correlated to serum
hepcidin in both UC and CD patients, respectively
(r = 0:5995, P = 0:009 for IL-6 in UC; r = 0:4317, P = 0:0086
for IL-6 in CD; r = 0:7755, P < 0:0001 for TNF-α in UC;
r = 0:6461, P < 0:0001 for TNF-α in CD; r = 0:5755, P =
0:0017 for IL-17 in UC; and r = 0:4674, P = 0:0041 for
IL-17 in CD). However, no significant association was
observed between serum IFN-γ and hepcidin. These data
imply that the high levels of inflammatory factors like
TNF-α and IL-17 facilitate the expression of hepcidin
through some underlying regulatory mechanisms, further
aggravating anemia of IBD patients.

3.5. Anti-TNF-α mAb Therapy Downregulates Hepcidin
Expression in CD Patients. After confirming the positive
correlation between TNF-α and hepcidin expression in
IBD patients, we then speculated whether the clinical
application of IFX for IBD patients could downregulate
hepcidin expression. 32 patients with active CD were
selected and treated with anti-TNF-α mAb (infliximab,
IFX) at the dose of 5mg/kg at weeks 0, 2, and 6 according
to the protocol as described previously [25]. The clinical
response in these patients was recorded weekly, and they
were classified into two groups according to the changes
of CDAI, including the Response group (CDAI < 150 or
decrease of CDAI score ≥ 70 points) and the Failure group
(CDAI > 150 and decrease change of the CDAI < 70
points). Serum samples were collected prior to and 12 weeks
after the first anti-TNF-αmAb therapy, and the levels of hep-
cidin were analyzed by an ELISA. The changes of a CDAI
score manifested that 19 patients (59.37%) were responsive
to IFX therapy and 13 patients (40.63%) failed to IFX ther-
apy. As shown in Figure 4, the expression of hepcidin in
serum samples was significantly decreased at week 12 after
patients accepted the first IFX infusion compared with that
prior to IFX treatment in the Response group (P < 0:01 in
the Response group), while such change was not observed
in the Failure group.

3.6. TNF-α Upregulates Hepcidin Expression in LO2
Hepatocyte and HepG2 in Caspase 3/8- and NF-κB-
Dependent Manners. Since our previous study highlighted
the close association between TNF-α and hepcidin, and since
the suppressed hepcidin expression observed in CD patients
who were responsible to IFX treatment could be attributed
to the antagonism of TNF-α, we then hypothesized that
proinflammatory factors like TNF-α may also stimulate the
expression of hepcidin in IBD patients. To further disclose
the specific mechanism involved, the liver cell lines (i.e.,
LO2 and HepG2) were cultured in vitro under stimulation
with LPS, PGN, TNF-α, and IL-6, respectively, mimicking
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Figure 1: Hepcidin is increased in the sera of IBD patients and associated with disease activity, C-reactive protein (CRP), and erythrocyte
sedimentation rate (ESR), respectively. (a) Serum samples were collected from healthy control (HC, n = 22), active CD patients (A-CD,
n = 25), CD patients in remission (R-CD, n = 41), active UC patients (A-UC, n = 22), and UC patients in remission (R-UC, n = 11),
and hepcidin was analyzed by ELISA. ∗∗∗∗P < 0:0001, ∗∗∗P < 0:001. Data were expressed as mean ± SEM, unpaired Student’s t-tests. (b)
Correlation between Crohn’s disease activity index (CDAI) and hepcidin in patients with CD (n = 54). (c) Correlation between Mayo
score and hepcidin in patients with UC (n = 22). (d) Correlation between CRP and hepcidin in patients with (n = 60). (e) Correlation
between CRP and hepcidin in patients with UC (n = 29). (f) Correlation between ESR and hepcidin in patients with CD (n = 60). (g)
Correlation between ESR and hepcidin in patients with UC (n = 30). Correlation analysis was performed by Spearman’s correlation
analysis. P values are shown in each panel.
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to stimulate the activity of human hepatocytes in inflamma-
tory microenvironment. LPS or PGN was also used in our
experiment as an efficient inducer of inflammatory response
in vitro. The expression of hepcidin in LO2 cells and HepG2
cells in the presence of LPS, TNF-α, and IL-6 was found to be

significantly increased than that of the control group after 6,
12, and 24 h of culture (Figures 5(a) and 5(b)), while PGN did
not show such a change. TNF-α has been proven to play an
essential role in the pathogenesis of IBD as a major proin-
flammatory factor of apoptosis and proliferation, and the
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Figure 2: The serum levels of hepcidin are correlated with the severity of anemia in IBD patients. (a) The serum levels of hepcidin in UC
patients with anemia (n = 21) and UC patients without anemia (n = 12). (b) The serum levels of hepcidin in CD patients with anemia
(n = 36) and CD patients without anemia (n = 28). ∗∗∗∗P < 0:0001, ∗∗∗P < 0:001, and ∗∗P < 0:01. Data were expressed as mean ± SEM,
unpaired Student’s t-tests. (c) Correlation between hepcidin and percents of LRL of Hb in UC patients (n = 33). (d) Correlation between
hepcidin and percentages of LRL of Hb in CD patients (n = 66). (e) Correlation between hepcidin and serum iron in UC patients (n = 30).
(f) Correlation between hepcidin and serum iron in CD patients (n = 66). (g) Correlation between hepcidin and serum ferritin in UC
patients (n = 33). (h) Correlation between hepcidin and serum ferritin in CD patients (n = 60). Correlation analysis was performed by
Spearman’s correlation analysis. P values are shown in each panel.
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clinical application of an anti-TNF-α agent is reported to
achieve positive influence in the management of anemia in
IBD patients, whereas recognition of the specific mechanism
is still limited [29]. Thus, TNF-α was selected to further
determine the underlying mechanisms involved in the regula-
tion of hepcidin expression in our study. An antibody directed
against TNF-α (IFX) and JNK inhibitor (JNK-IN-8), NF-κB

inhibitor (BAY 11-7802), and caspase-3/8 inhibitor (Z-
DEVD-FMK) was adopted and coincubated with LO2 cells
and HepG2 cells, respectively. As shown in Figures 5(c) and
5(d), TNF-α significantly upregulated the expression of hepci-
din mRNA after 12h of culture. Moreover, hepcidin expres-
sion was significantly suppressed in the coincubation with
anti-TNF-αmAb, caspase-3/8 inhibitor, and NF-κB inhibitor,

Table 3: Prevalence of MCV, MCH, MCHC, ferritin, vitamin B12, and folic acid in IBD patients.

Group MCV (FL) MCH (pGHCT) MCHC (g/L) Ferritin (ng/mL) Vitamin B12 (pmol/L) Folic acid (ng/mL)

Anemia CD (n = 38) 80:78 ± 0:79 25:18 ± 0:32 309:4 ± 1:44 166:7 ± 24:15 470:1 ± 46:90 8:45 ± 0:58
No Anemia CD (n = 28) 87:32 ± 0:51∗ 29:20 ± 0:23∗ 333:2 ± 1:32∗ 158:8 ± 31:48 476:6 ± 47:26 8:19 ± 1:05
Anemia UC (n = 21) 84:50 ± 1:00 26:60 ± 0:42 313:1 ± 1:79 259:7 ± 47:98 506:4 ± 40:24 6:69 ± 0:77
No Anemia UC (n = 12) 87:98 ± 0:45^ 29:15 ± 0:21∗ 331:7 ± 0:88∗ 247:5 ± 33:29 500:6 ± 30:63 7:08 ± 0:73
∗P < 0:0001 vs. the anemia group; ^P < 0:0005 vs. the anemia group.
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Figure 3: The levels of hepcidin are relevant to IL-6, TNF-α, and IL-17, respectively, in the sera of IBD patients. (a) Correlation between the
levels of hepcidin and IL-6 in UC patients (n = 27), (b) correlation between the levels of hepcidin and IL-6 in CD patients (n = 36), (c)
correlation between the levels of hepcidin and TNF-α in UC patients (n = 27), (d) correlation between the levels of hepcidin and TNF-α in
CD patients (n = 36), (e) correlation between the levels of hepcidin and IL-17 in UC patients (n = 27), and (f) correlation between the
levels of hepcidin and IL-17 in CD patients (n = 36). Correlation analysis was performed by Spearman’s correlation analysis. P values are
shown in each panel.
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respectively, compared with TNF-α alone, while such
reversion was not observed in the JNK signaling inhibitor-
(JNK-IN-8-) treated group. Moreover, no significant differ-
ences in the viability of LO2 cells and HepG2 cells were
observed after exposure to TNF-α, IFX, and JNK-IN-8, BAY
11-7802, and Z-DEVD-FMK, respectively, for 12h (Supplemen-
tary Figure 2(a) and 2(b)). Accordingly, our data demonstrate
that the treatment of anti-TNF-α antibody, caspase-3/8, or
NF-κB inhibitor markedly suppresses the upregulation of
hepcidin mRNA expression by TNF-α stimulation.

4. Discussion

Anemia is considered as one of the most common complica-
tions in the clinical course of IBD patients, which often
causes weakened capacity of physical performance, mood,
and cognitive function, leading to poor quality of life.
Anemia in IBD is often caused by chronic inflammation of
gastrointestinal mucosa, impaired absorption of folate, or
vitamin B12, deficiency of iron, and chronic intestinal blood
loss. In addition, it is reported that more than half cases of
anemia are the results of iron deficiency, emphasizing the
importance of iron supplement in the treatment of anemia.
The average iron store of adult maintains at least 3-4 g [30],
and the body iron homeostasis is balanced between dietary
intake and physiologic loss. For IBD patients, there are con-
siderable amounts of factors for shortage of iron, including
an increase of iron loss from bleeding as a consequence of
gastrointestinal inflammation and weakened iron absorption
due to short bowl syndrome, lack of appetite, blockage of
intestinal iron acquisition, and reutilization of macrophage
as a result of inflammation. In our study, 63.64% UC and
57.58% CD patients were anemic, and the incidence of ane-
mia was significantly higher than that of resident Chinese
reported in a nationwide survey before [31]. And the levels
of MCV, MCH, and MCHC were much lower in UC and
CD patients with anemia than that in UC and CD patients
without anemia, but significant differences were not observed
in folate and vitamin B12. These results indicate that micro-
cytic hypochromic anemia, mainly composed of IDA and

ACD, is involved in the occurrence of anemia. Although both
IDA and ACD are reported to be the common sources of
anemia, accumulating evidence has claimed that ACD is rel-
atively more frequent to be diagnosed compared with IDA in
IBD patients. The pathogenesis of ACD is closely related to
the dysregulated immune response in microenvironment,
including an increase of proinflammatory factors [32], and
the level of serum ferritin has a high accuracy in the diagnosis
of simple IDA and can effectively differentiate ACD from
IDA. Serum ferritin decreases significantly in patients with
IDA, but it does not decrease or even increases in patients
with ACD. Moreover, in our study, no significant decrease
in serum ferritin was observed in UC and CD patients with
anemia compared with that in UC and CD patients without
anemia. Taken together, our results suggest that the occur-
rence of anemia in IBD patients mainly results from ACD,
with disordered iron metabolism.

Our previous work [24] have built a link between inflam-
mation and disordered ironmetabolism, and we have verified
that divalent metal-ion transporter 1 (DMT-1) is decreased
in intestinal epithelial cells and contributes to the anemia in
IBD. The maintenance of iron homeostasis in physiological
state requires the participation of many factors such as
DMT-1, ferroportin, and hepcidin. Hepcidin, a liver-
derived small peptide with antimicrobial activity, is normally
expressed by the liver in physiological state and mainly dis-
tributed in the blood and eliminated via the kidneys [33].
In early studies [34, 35], hepcidin is considered as a marker
of inflammatory factors which is tightly associated with dis-
ordered immunity, and nowadays, it has been implicated in
the development of inflammatory-associated anemia (IAA)
and ACD [36]. The increased serum hepcidin is often
observed in ACD, while the decreased serum hepcidin is
the cue of IDA. In addition, hepcidin also plays an essential
role in iron regulation and functions as the vital inhibitor
which hampers the duodenum to absorb iron and downregu-
lates the iron release from macrophages. A recent work [37]
has shown that hepatocytes increase the expression and syn-
thesis of hepcidin under the conditions of chronic inflamma-
tion or iron overload and that the use of inhibitor to hepcidin
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Figure 4: Anti-TNF-αmAb therapy downregulates hepcidin expression in CD patients. 32 patients with A-CD were treated with anti-TNF-α
mAb (infliximab, IFX) at weeks 0, 2, and 6. Serum samples were collected from these patients prior to and 12 weeks after the first anti-TNF-α
mAb therapy; the levels of hepcidin in the Response group ((a), n = 19) and the Failure group ((b), n = 13) were analyzed by an ELISA.
∗∗P < 0:01. Unpaired Student’s t-tests were performed for statistical analysis.
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leads to better management of the iron imbalance and ACD.
In our study, the concentration of serum hepcidin was signif-
icantly increased in active IBD patients in comparation with
that in remitted IBD patients and healthy controls, and
serum concentration of hepcidin in IBD patients was relevant

to disease activity, CRP, and ESR, respectively. Therefore, it
can be inferred that the increased disease activity stimulates
hepcidin expression. Consistently, our study illustrates that
the serum hepcidin is higher in anemic IBD patients com-
pared with IBD patients without anemia, further supporting
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Figure 5: TNF-α upregulates hepcidin expression in liver cell line in caspase 3/8- and NF-κB-dependent manners. (a) LO2 cell line and (b)
HepG2 cell line were cultured in vitro and stimulated with IL-6 (10 ng/mL), TNF-α (10 ng/mL), PGN (100 ng/mL), and LPS (100 ng/mL),
respectively. After 6, 12, and 24 h of culture, cells were collected and the mRNA levels of hepcidin were determined by qRT-PCR.
One-way ANOVA was performed for statistical analysis. ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001, and ∗∗∗∗P < 0:0001 versus controls. (c)
LO2 cell line and (d) HepG2 cell line were incubated with TNF-α (10 ng/mL) in the presence of anti-TNF-α mAb (IFX, 50 ng/μL),
JNK inhibitor (JNK-IN-8, 10 μM), NF-κB inhibitor (BAY 11-7082, 10 μM), and caspase-3/8 inhibitor (Z-DEVD-FMK, 50μM),
respectively, as indicated. After 12 h of culture, cells were collected and qRT-PCR was used to determine mRNA levels of hepcidin
expression. ∗∗P < 0:01, ∗∗∗P < 0:001. GAPDH mRNA levels in each sample were used to normalize gene expression, and the graph
represents the combined data of 3 independent experiment (N = 3) done each one in triplicate.
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that the ACD is mainly involved in anemia in IBD. Negative
correlations were disclosed between serum hepcidin and per-
centages of LRL of Hb in UC patients as well as serum hepci-
din and percents of LRL of Hb in CD patients. Moreover,
negative correlations were also illustrated between serum
hepcidin and serum iron in both UC and CD patients while
positive correlations were observed between serum hepcidin
and ferritin. However, such associations did not exist
between serum hepcidin and folate and vitamin B12, indicat-
ing that hepcidin aggravates the severity of anemia in IBD
patients by spoiling the balance of iron metabolism.

Alternatively, the relapsing and remitting inflammation
are the clinical features of IBD. Recent studies [38, 39] have
revealed that the expression of hepcidin is upregulated in
patients with IBD and that the increased expression of hepci-
din mediates ACD in CD patients, which is relevant to the
serum IL-6 level in the environment of inflammation, but
the association between hepcidin and the disease activity
and the specific mechanisms involved in anemia remain to
be confirmed in IBD. Although previous report [27] has
proved that IL-6 is the main factor stimulating the expression
of hepcidin through the STAT3 signaling pathway in patients
with septicemia and burns, the high level of hepcidin mRNA
is also observed in IL-6-deficient mice with chronic inflam-
mation [28]. In our work, the high level of hepcidin was pos-
itively correlated with IL-6 and other proinflammatory
cytokines like IL-17 and TNF-α in IBD patients. These results
provide us with the assumption in that there are one or more
kinds of other inflammatory factors existing in the microen-
vironment which have the same compacts on hepcidin as
IL-6. TNF-α is regarded as one of the most important pro-
inflammatory cytokines in the pathogenesis of IBD, and
the TNF-α signaling pathway is also identified to play a vital
role in making pleiotropic proinflammatory influence like
increasing angiogenesis, activation, and recruitment of mac-
rophage and effective T cells, the direct injure of Paneth cells
and intestinal epithelial cells. To date, the infusion of anti-
TNF-α mAb (e.g., IFX) has been widely applied in patients
with IBD and achieved an impressively curative effect in
clinic [40]. Previous studies [24, 41] have reported that the
IFX therapy could improve anemia in patients with IBD,
which is associated with the downregulated expression of
hepcidin, although there are a large proportion of patients,
especially patients with UC, who are not able to respond to
IFX therapy. Moreover, recent work by Atkinson et al. [23]
has also demonstrated that IFX treatment could also improve
anemia in children with CD and is associated with a decrease
of hepcidin expression. In this study, we analyzed the change
of hepcidin before and after IFX therapy in both IFX-
responsive and IFX-unresponsive CD patients and found
that serum levels of hepcidin were decreased after IFX infu-
sion in CD patients of the responsive group while no signif-
icant changes were observed in CD patients who failed to
IFX treatment. In agreement with previous findings, our
data further identify the close connection between anti-
TNF-α therapy and hepcidin regulation [37, 42]. To conduct
further experiment in our study, LO2 and HepG2 cell lines
were cultured in vitro and TNF-α or IL-6 was selected as
proinflammatory stimulators; the expression of hepcidin

was found to be significantly increased when stimulated with
TNF-α and IL-6, respectively, compared with controls.
Importantly, an increase of hepcidin expression was rescued
with the treatment of anti-TNF-α antibody or inhibitor of
caspase-3/8 or NF-κB inhibitor. Therefore, a hypothesis
could be envisaged that anemia could be aggravated by a
high level of TNF-α via stimulating the expression of hepci-
din, which could be eliminated by antagonizing TNF-α or
blocking the caspase-3/8- and NF-κB-dependent pathways,
which are involved in the delivery of TNF-α signaling.

5. Conclusions

Our data demonstrate that hepcidin is highly increased in
active IBD patients, which further aggravates the severity of
anemia by spoiling the balance of iron metabolism. Impor-
tantly, our study has paved the way to better understanding
of how TNF-α upregulates the expression of hepcidin in
IBD patients. It not only explores relevant mechanisms but
also emphasizes the importance of the application of anti-
TNF-α therapy in the management of anemia of IBD.
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Supplementary Materials

Supplementary Figure 1 no correlation exists between the
levels of hepcidin and folic acid and vitamin B12 in the sera
of IBD patients. (a) Correlation between the levels of hepci-
din and folic acid in UC patients (n = 30), (b) correlation
between the levels of hepcidin and folic acid in CD patients
(n = 66), (c) correlation between the levels of hepcidin and
vitamin B12 in UC patients (n = 30), and (d) correlation
between the levels of hepcidin and vitamin B12 in CD
patients (n = 66). Spearman’s correlation analysis was used
for correlation analysis. r and P values are shown in each
panel. Supplementary Figure 2: no significant differences in
the viability of LO2 cells and HepG2 cells after exposure to
TNF-α, IFX, and JNK-IN-8, BAY 11-7802, and Z-DEVD-
FMK, respectively, for 12 h. (a) LO2 cell line and (b) HepG2
cell line were incubated with TNF-α (10 ng/mL) in the pres-
ence of anti-TNF-α mAb (IFX, 50 ng/μL), JNK inhibitor
(JNK-IN-8, 10 μM), NF-κB inhibitor (BAY 11-7082,
10μM), and caspase-3/8 inhibitor (Z-DEVD-FMK, 50μM),
respectively, as indicated. One-way ANOVA was performed
for statistical analysis. (Supplementary Materials)
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