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Background: Anemia chronic disease (ACD) is an anemia found in certain chronic disease states,
typically marked by the disturbance of iron homeostasis or hypoferremia. This condition leads to
shortage of iron for hemoglobin synthesis but the iron storage in bone marrow is left undisturbed. The
discovery of hepcidin and its role in iron metabolism has given new insights in anemia chronic
disease management. Consecutive sampling method was applied to choose ACD patients at Sanglah
General Hospital, Bali-Indonesia. Questionnaire was constructed to note demographic aspect and
disease or clinical condition underlies ACD (inflammation, infection, malignancy and others).
Hepcidin, Serum IL-6 and CRP level were measured. Sample size and Path analysis mediation
method were used to define hepcidin’s role on mechanism how anemia develop in ACD patients in
which the direct and indirect effects of IL-6 and CRP to hemoglobin (Hb) were counted partially or
combined through hepcidin mediation variable. The cumulative influence of IL-6, CRP and hepcidin
on anemia (Hb) was only 0.12 or about 12% of hemoglobin level was influenced by IL-6, CRP and
hepcidin together whereas the other 93% was influenced by another unknown and unclear factors.
Hepcidin could be used as a mediation variable for the development of anemia because the direct
influence of IL-6 as exogenous factor was less than its indirect influence through hepcidin. It was not
proven for CRP as exogenous variable because the direct influence of CRP to hemoglobin was
stronger than the influence of CRP through hepcidin.
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INTRODUCTION erythropoetin and disturbance of iron homeostasis.®

Anemia chronic disease is anemia found in
certain chronic disease states, is typically marked
by the disturbance of iron homeostasis or
hypoferremia. This condition leads to shortage of
iron for hemoglobin synthesis but the iron storage
in bone marrow is left undisturbed. Anemia of
chronic disease is the second most prevalent
anemia after iron deficiency anemia.’ It can be
triggered by wide range of inflammatory disorders
such as infection, autoimmune disease, chronic
disease, aging process and malignancy, also known
as anemia of inflammation.* Its morphology is
usually normochromic normocytic but it can also
be hypochromic microcytic as the disease
progresses.” There are some mechanisms related to
its pathogenesis, that includes; shortening of
erythrocyte’s life span, disturbance in erythropoetin
production, decreasing of bone marrow response to
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The best management for anemia chronic
disease is treatment for its underlying disease.
Unfortunately, it is difficult to do because of
difficulty in treating the source of infection or
difficulty in diagnosing its underlying disease.
Furthermore, anemia chronic disease can worsen
the prognosis of its underlying disease. Lots of
researches are still needed in order to create a new
breakthrough  in  anemia chronic  disease
management.

Studies of hepcidin, an antimicrobial peptide
that have a role as modulator of iron homeostasis
has given a new insight for the management of
anemia chronic disease.® Hepcidin, a peptide
composed of 25 amino acids, is synthesized by
hepatocyte. Data from mouse experiment showed
that hepcidin has a role as a negative regulator in
small intestine’s iron absorption, iron transport in
placenta, and iron release from macrophage.
Hepcidin’s production multiplied up to 100 X in
anemia of chronic disease, the fact that showed us
hepcidin is the main mediator in anemia of chronic
disease. The discovery of hepcidin and its role in
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iron metabolism has given a new insight in the
management of anemia of chronic disease.**

During infection and inflammation, hepcidin
production and concentration were steadily
increased.”” Many cytokines stimulate hepcidin
transcription during inflammation, mainly IL-6 and
family of BMP. Studies with mouse and human
models showed IL-6 effect in increasing hepcidin
production.®®

CRP is one of the acute phase reactant
increased during inflammatory process induced by
plasma IL-6 which is produced by macrophages
and adipocytes.” All inflammatory processes
stimulate the development of IL-1, IL-6, TNF and
then stimulate hepatocytes to produce CRP.*
Increase of CRP can be found during bacterial
infection, inflammatory disorders (such as diabetes
mellitus, asthma, stroke, and renal failure with
regular hemodialysis), smoking, obesity, trauma,
myocard infarct, surgery and malignancy.™

Hemoglobin level was associated with the
concentrations of some chronic inflammatory
markers. The lowest hemoglobin level was found
with the highest concentration of inflammatory
markers such as IL-6, IL-1, TNF-a and CRP. But
statistical analysis concluded that only IL-6 was the
independent factor to define hemoglobin level.*?
IL-6 level was inversely related with hemoglobin
level in systemic lupus erythematosus patient.”
CRP produced by liver as a response of IL-6 was
related with mortality.* In Rotterdam study, a
cohort research of 184 patients, increasing level of
CRP was found in 28% breast cancer patients.”
Meanwhile, another research in breast cancer
patients found that there were no differences in
CRP level between cancer and non cancer
patients.™®

Various inflammatory cytokines in many
different diseases associated to anemia chronic
disease has played their role in pathophysiology of
anemia such as decreasing of erythrocyte’s
survival, decreasing of iron availability, direct
inhibition to hemopoetic stem cell, and inadequate
response of erythropoetin to anemia. Increasing of
serum cytokines level, especially IL-1, IL-6, I1L-10,
TNF, IFN-a, IFN-B and CRP have been found in
many inflammatory disorders such as AIDS,
rheumatoid  artritis, solid malignancy and
hematologic malignancy. The role of hepcidin on
iron metabolism in those conditions may also play
apart. Therefore, this study aims to discover
hepcidin role in mechanism of how anemia develop
in patient with anemia chronic disease (ACD) at
Sanglah General Hospital, Bali-Indonesia.

MATERIALS AND METHOD

Sample was recruited consecutively to choose
ACD patients. ACD diagnose was based on defined
as anemia with hemoglobin level < 13 g/dL for
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male or < 12 g/dL for female and morphologicaly
hypochromic-microcyter (MCV < 80 fl and MCH <
27 pg) and serum ferritin level > 100 pg/dL occur
in certain clinical conditions such as chronic
infection,  chronic  inflammation  including
autoimmune disease and malignancy, except
anemia in chronic kidney disease, chronic liver
disease and hypotyroid.'” ACD patients age above
12 years with PaO, > 60 mmHg, normal blood
pressure and pulse rate were included.
Questionnaire was used to note demographic aspect
from samples, disease or clinical condition
underlies  ACD  (inflammation, inefction,
malignancy and others). Hepcidin level was
measured with DRG hepcidin instrument and
ELISA method. Serum IL-6 level measured with
immune assay solid phase method using ng/ml as
measurement unit, whereas CRP level was
measured on plasma with normal level less than 3
mg/L."® Data collected consecutively through
cross-sectional method with role of thumb formula
and correction factor 0.35 to fulfill sample size on
ACD patients who came to Sanglah General
Hospital Bali-Indonesia until the number of
samples needed has been achieved. Path analysis
mediation method was used to define hepcidin’s
role on mechanism how anemia develop in ACD
patients in which the direct and indirect effects of
IL-6 and CRP to hemoglobin (Hb) were counted
partially or combined through hepcidin mediation
variable. Significance level accepted when p <0.05.

RESULTS

There were 85 ACD patients in this study
consisted of 48 male patients (56.47%) and 37
female patients (43.5%) with underlying disorders
as listed in Table 1.

Table 1
Characteristic of Subject
Characteristic Amount

Sex, n (%)

male 48 (56.47%)

female 37 (43.52%)
Diagnose

Chronic infection 25 (29.41%)

Inflammation 6 (7.05%)

Malignancy 31 (36.47%)

Others 23 (27.05%)
Age (mean+SD) 43.26£16.42
Hb (mean+SD) 7.58+ 2.03
HCt (meanSD) 24.58+5.80
MCV (mean+SD) 72.71+ 8.48
MCH (mean+SD) 21.91+ 4.44
WBC (mean+SD) 13.74+22.86
Platelet (mean+SD) 353.47+175.59
BUN (mean+SD) 14.36+8.51
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Table 1 continued

Characteristic Amount
Creatinin (mean+SD) 0.73+£ 0.26
SGOT (meanzSD) 37.29+22.47
SGPT (meantSD) 30.59+ 24.82
Serum_iron (meanSD) 31.03+39.12
TIBC (meanzSD) 229.39+116.27
Sat transferrin (mean+SD) 17.50+21.50
Ferritin (meantSD) 686.23+759.57
ESR-1 (meantSD) 11.93+14.78
ESR-2 (meantSD) 61.32+41.62
CRP (meanzSD) 62.89+75.12
Hepcidin (mean+SD) 53.62+48.27
IL-6 (meanSD) 74.73+£94.91

Correlation matrix showed a significant correlation
between hepcidin variable with hemoglobin, TIBC,
transferrin  saturation,  ferritin,  erythrocyte
sedimentation rate (ESR), CRP and IL-6.
Correlation between hepcidin and IL-6 was 0.641
with p = 0.000. This corelation was quite strong in
the same direction, which meant the higher IL-6
level would be followed by higher hecidin level. It
was the same with correlation between IL-6 and
CRP which was found with r = 0.519 and p =
0.000. Although this study failed to show the
correlation between IL-6 and hemoglobin level, it
found a correlation between hepcidin and
hemoglobin with r = 0.297 and p =0.006.

This study wanted to know how much the
effect of some variables such as IL-6, CRP and
hepcidin causing anemia both directly and
indirectly through hepcidin. We chose path analysis
mediation model with hepcidin as mediation
variable. Path model chosen was shown below.

Figure 1
Path model to discover the role of hepcidin as
mediation variable for IL-6 and CRP’s effect in
causing anemia

Structural equation with first and second
substructures was:

Yi=pY Xy +pYi Xy + e
Yo=pYaXy +pYoXy, + PY,Y 6
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Path analysis of the first substructure, partial/direct
influence of IL-6 variable on hepcidin was 0.64
known as beta weight with p = 0.0001. However,
partial/direct influence of CRP on hepcidin was
only 0.01 with p = 0.945. The cumulative influence
of IL-6 and CRP on hepcidin was indicated by R? =
0.41. It meant that cumulative influence of IL-6 and
CRP variable on hepcidin was only 41% and the
remainder (el = V1 — R?) approximately 64% was
explained by another factor.

Feasibility of regression model for the first
substructure as indicates by ANOVA test’s which
was significance with p = 0.0001. IL-6 and CRP as
predictors (exogenous variables) chosen in this
model was right because standard error of estimate
of endogenous variable (hepcidin) < standard
deviation (37.51<48.27). The existence of
autocorrelation if DW <1 or > 3 can be seen on
Dubin-Watson (DW) numeric in model summary
table. DW score in this study was 1.75. Multi-
colinearity occurs if there was a very strong
correlation or approaching 1 between exogenous
variables. However, correlation between IL-6 with
CRP in this study was only 0.52. Normality and
linearity of data in this model have been fulfilled
because there were bell curve shape and normal
plot regression showing data scatter around the
straight line. The feasibility of regression
coefficient (beta weight) of exogenous variables
showed that only IL-6 had beta weight 0.64 and
statistically significant with p = 0.0001, whereas
CRP had beta weight 0.01 with p = 0.945. Because
all requirements had been fulfilled, this first
regression model (first substructure) in this path
analysis mediation model was right and feasible.
Based on this, structural model for the first
substructure was arranged as below:

Hepcidin = 0.61 IL-6 + 0.01 CRP + 0.64

Based on path analysis of the second
substructure, partial/direct influence of IL-6
variable on anemia (Hb) was only -0.12 (beta
weight) with p = 0.437. On the other hand,
partial/direct influence of CRP on anemia (Hb) was
0.1 with p = 0,092. Cumulative influence of IL-6,
CRP and hepcidin on anemia (Hb) was only R? =
0.12. In short word, cumulative influence of IL-6,
CRP and hepcidin variables on anemia (Hb) was
only 12% and the remainder 93% (e2 = V 1 — R?)
was explained by another factor.

The feasibility of regression model for the
second substructure can be seen on ANOVA test of
significance with p = 0.015. So this regression
model was right and feasible. Predictors
(exogenous variables) chosen in this model such as
IL-6, CRP and hepcidin was quite right because
standard error of estimate of endogenous variable
(anemia) < standard deviation with 1.93 < 2.03.
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Autocorrelation if DW < 1 or > 3. DW score in
this study was 2.29. Multi-colinearity happened if
between exogenous variables, there was a very
strong correlation or approaching 1, whereas none
of the correlation between I1L-6, CRP and hepcidin
in this study was aproaching 1. Normality and
linearity of data in this model had also been
fulfilled, because there was bell curve shape on
data distribution and straight line data scatter on
normal plot regression. The feasibility of regression
coefficient (beta weight) of all exogenous variables
showed that only hepcidin has beta weight 0.30 and
statistically significant with p = 0.03 whereas CRP
and IL-6 had beta weight 0.21 and -0.12 with p >
0.05. Because all requirements were fulfilled, this
second regression model (second substructure) in
this path analysis mediation model was right and
feasible, and structural model for this second
substructure could be arranged as below

Anemia (Hb) =-0.12 IL-6 + 0.21 CRP +
0.30 hepsidin + 0.93

From this study, path analysis model from
exogenous variables of IL-6 and CRP on anemia

(Hb) through hepcidin variable could be drawn as
below.

[}
e 064 | & 093
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" -0.12* :
A \I
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\ 4 M
| CRP I
Figure 2

Path diagram of analysis result showing the
influence of IL-6 and CRP variable to anemia (Hb)
directly and indirectly through hepcidin variable

DISCUSSION

This study found that 1L-6 could influence the
development of anemia through hepcidin although
the rate seems dismal. Contrary to IL-6, CRP has
no influence on hemoglobin on ACD patients either
directly or indirectly. This could happened because
CRP as well as hepcidin is an acute phase protein
that isn’t produced or secreted in the same time and
same concentration in certain inflammation
reactions, although both of them were secreted by
hepatocytes through IL-6 and another cytokines
such as IL-1, TNF-a and IFN-y."* Person analysis
found that significant correlation between CRP
with hepcidin, but CRP was not influence hepcidin
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and hemoglobin level (p > 0.05). Although the
increment of different acute phase proteins occurs
together, they were not increase with the same
proportion in the same time. The discrepancy of
this increment was frequently found even some of
them was not increase at all. This could be
explained because of the differences in cytokine
production by different diseases.’ For example, the
differences of secretion level of CRP and ESR in
systemic lupus erythematosus/SLE patients in
which LED increased but CRP level was still in
normal level.?* There were many clinical conditions
did so, therefore none of the single examination
could definitely proved the existence of
inflammation processes. Besides that, a wide
variation of underlying diseases causing ACD
could cause different cytokine production.

CRP was the most stable inflammatory
marker. Increasing level of CRP was stimulated by
IL-6 that produced by macrophages and adipocytes.
All inflammation processes could stimulated the
development of IL-1, IL-6, TNF which in turn
stimulated hepatocytes to produce CRP.** High
level of CRP can be seen during bacterial infection,
inflammatory disorders (diabetes mellitus, asthma,
stroke, and renal failure with regular hemodialysis),
smoking, obesity, trauma, myocard infarct, surgery
and malignancy.’ The important role of CRP in
body defense mechanism is to remove necrotic cell
and other abnormal cell through inflammation and
anti inflammation processeses involving cytokines
and tissue factor. Nonetheless the main effect of
CRP was its anti inflammatory property. This could
be seen on animal study when transgenic mouse in
which CRP expression decreased the degree of
inflammation process induced in lung and joint
tissue. Accumulation of neutrophils was found less
in inflammation site. Based on animal study, there
was no direct effect and influence of CRP on
anemia in inflammatory disorders (ACD), as also
can be seen that CRP did not significant influence
the development of anemia in this study.

Anemia chronic disease, anemia that found in
certain chronic disease states, is typically marked
by the disturbance of iron homeostasis or
hypoferremia. This condition leads to shortage of
iron for hemoglobin synthesis but the iron storage
in bone marrow is left undisturbed. It can be
triggered by wide range of inflammatory disorders,
either acute or chronic, such as infection (bacterial,
viral, fungal or parasite infection), autoimmune
disease, and malignancy, so it is also known as
anemia of inflammation.? But it also happened in
non inflammatory conditions such as geriatric
conditions and diseases related with aging process
like congestive heart disease. Inflammation
reaction in aging process was marked by a mild
increase of inflammatory markers such as IL-6 and
CRP. It was found higher in geriatric patients with
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anemia than geriatric patients without anemia.?* In
acute inflammation condition, such as critical ill
condition in intensive care unit, this anemia can be
acutely happened (in some days). It’s caused by the
inflammation condition itself then worsen by blood
loss or erythrocyte destruction as a result of its
underlying disease or iatrogenic process.* Because
there are many clinical conditions presenting
anemia similar to the anemia of ACD, therefore
many different study frequently come up with
inconsistent results as well as the recent study
showed no clear influence of CRP on hepcidin and
anemia. Study in Rennes, France, reported that
there was no correlation between hepcidin
expression for CRP as an inflammatory indicator in
patient underwent liver operation caused by
malignancy. It is thought because of the
heterogeneity of population samples, the possibility
of less sensitive CRP in describing inflammation
and the role of disturbing factors that couldn’t be
removed.”? The same result was also found in
hemodialysis patients in which there was no
correlation found between coefficient variation of
CRP with coefficient variation of hepcidin (p =
0.44).2 Kato et al. also wasn’t found any
significant correlation between CRP and hepcidin
in hemodialysis patients and supposed that it was
caused by differences in the half live of CRP and
hepcidin.®* Study on peritoneal dialysis patients in
Japan found the insignificant correlation between
CRP level with hepcidin serum (p = 0.722). It was
noted that the level of inflammatory cytokines
increased not too high, so supposedly that an
inflammation processes with certain degree was
needed to induce hepcidin production.®® This was
supported by Koury’s report that stated temporary
role of hepcidin in which hepcidin level increased
higher in early of inflammation process then
decreased in chronic process.?

The newest study showed that hepcidin
worked on iron homeostasis by binding to
ferroportin then followed with internalization and
degradation of ferroportin in lysosome. The
removal of ferroportin from cell membrane
decrease the export of intracellular iron to plasma.?’
In normal or increasing iron stores, liver will
produce hepcidin that circulates to duodenum.
Then hepcidin bound to ferroportin, followed by
ferroportin’s internalization so iron transport from
duodenal enterocytes to plasma would be inhibited.
On the other hand, when iron stores decrease,
hepcidin ~ production  decreased, ferroportin
molecule will be expressed in basolateral
membrane of enterocytes to increase iron transport
from enterocytes to plasma transferrin. Hepcidin-
ferroportin  interaction is also found in
macrophages, in which high hepcidin concentration
will be followed by the binding of hepcidin to
ferroportin and ferroportin internalisation. It will
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inhibit iron export to plasma and caused iron
retention on macrophages especially macrophages
in lien.” However, a next study is still needed to
define the cut-off of hepcidin level required for
ferroportin degradation.”® The simple mechanisms
of action of hepcidin are limiting iron absorption in
duodenum, iron recycling in macrophages, iron
release from liver iron stores and iron transport in
placenta.>® Experiments in mouse injected with
hepcidin found a dramatic decrease of serum iron
level (75%) in 1 hour and hepcidin effect could last
for 72 hours. This condition possibly caused by the
time required to re-synthesis hepcidin receptor
(ferroportin) in sufficient quantity.?

This study found significant influence of IL-6
on hepcidin with beta weight of 64%. The
important role of IL-6 in this hepcidin pathway was
supported by many study results either on animal or
human. In one study, turpentine injection increased
hepcidin level 6 times and decrease serum iron
level 2 times. This effect disappeared when it is
done on mouse without hepcidin gene.* In another
animal, hepcidin injection caused hypoferremia in
4 hour and got worsed when it is implanted by
hepcidin-excreting  tissues.® In  experimental
human suffered from falciparum malaria, the
treatment given would induce the increasing of IL-
6 and hepcidin serum at the same time as the
condition of low serum iron level, high feritin
serum level, and low hemoglobin level in young
reticulocytes.®* Another evidence showed no effect
of turpentine injection on increament of hepcidin
expression when done on animal with hepcidin
gene knocked-out. The increasing level of hepcidin
in hepatocyte culture after bacterial
lipopolysaccharide injection would disappear when
this LPS injection combined with IL-6 antibody.
IL-6 infusion to volunteer immediately followed by
increasing level of hepcidin expression on urine
and decreased serum iron level.®

Another human study showed increased of
urinary hepcidin excretion 7.5 times in 2 hours
after IL-6 infusion and then followed by decreasing
of serum iron level and transferrin saturation by
30%. It showed that IL-6-hepcidin axis played an
important role in hypoferremia occurs in
inflammation.**

This study showed hepcidin influence on
hemoglobin level was 30% (partial influence of
hemoglobin level in this case), whereas cumulative
influence of IL-6, CRP and hepcidin on
hemoglobin was 12% and cumulative influence of
IL-6 and CRP on hepcidin was 41%. Meanwhile
direct influence of IL-6 on hemoglobin was 12%
and 1L-6 influence on hemoglobin through hepcidin
was 19% (seen in figure 2). Although there’s only a
small differences, but hepcidin role as a mediator
variable can be seen. As known, regulation of
hepcidin expression isn’t only by IL-6 but there are
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still many factors modulating hepcidin level.
Hepcidin regulation is also influenced by body iron
status either serum iron or intracellular iron.
Another factors such as anemia, hypoxia, and
erythropoetic activity could also influence the
regulation of hepcidin production. Hepcidin
synthesis in mouse increased in 1 day after high
iron meal and urinary hepcidin concentration
increased in less than 1 day after high iron meal.*®
Besides that, study by Nemeth et al. in Los
Angeles, 2003, showed that iron load given to
hepatocytes would decreased 50% hepcidin
mRNA. The higher iron load given the higher the
decreased hepcidin mMRNA.® A fact that the defect
of HFE, TfR and hemojuvelin decrease hepcidin
level, would raise an hypothesis that many different
forms of hemochromatosis is caused by iron
inability to stimulate hepcidin synthesis.*> These
raised a question whether iron played its role on
hepcidin synthesis.*® This hypothesis supported by
study on animal where on two different type of
anemia that developed either because of bleeding
after repeated phlebotomy or hemolytic anemia
after fenilhydrazine given, showed that iron level in
liver was unchanged. It thought that the negative
influence of anemia on hepcidin gene expression
was more dominant than positive influence of iron
and was supposed mainly through hypoxia.® Study
by Park et al., 2006, showed that hepcidin mMRNA
level correlated positively with serum iron level but
wasn’t correlated with hemoglobin level. Author
concluded that anemia influenced hepcidin
expression mainly through indirect way.*

Hypoxia is also potent inhibitor of hepcidin
expression, even without anemia. This decreasing
of hepcidin synthesis is supposed to happen
through Hypoxia-Inducible Factor (HIF) pathway
influencing  hepcidin expression.® In normal
condition, HIF-o subunit hydroxilated by oxygen.
But on hypoxic condition, hydroxilation activity is
inhibited rendering HIF-a subunit accumulated,
translocated to nucleus, heterodimerisation and
bound to HREs (hypoxia-responsive promoter
elements) of hepcidin gene lead to hepcidin gene
transcription inhibited.®

How erythropoetic  activity influencing
hepcidin is shown on the study from Ashby et al. in
London, 2010. It reported that a significant
decrease of plasma hepcidin level started 24 hour
after subcutaneous erythropoetin, approaching
maximal on the third day, and recover gradually
after 2 weeks. The decreasing of hepcidin
expression by erythropoetin is suggested caused by
increase of bone marrow activity. Supposed 3
mechanisms involve such as the use of iron by
bone marrow as a response to erythropoetin,
followed by the decreasing of hepcidin synthesis
through decreasing of transferrin  saturation
recognized by hepatocytes. The second mechanism

P-ISSN.2089-1180, €-ISSN.2302-2914

is involving soluble transferrin receptor, an
indicator of circulated bone marrow iron
requirement. Study showed that soluble transferrin
receptor would increase during erythropoesis and
inversely correlate  with  urinary  hepcidin
excretion.®® The third mechanism is supposedly
involving two proteins produced by erythroid
precursor in bone marrow ie GDF15 (Growth
Differentiation Factorl5) and TWSG1 (Twisted
Gastrulation Proteinl). Although mouse study
showed that the disturbance of GDF15 isn’t
accompanied by the disturbance of body iron
status, higher dose of GDF15 is needed to inhibit
the synthesis of hepcidin mMRNA on in vitro study.
Besides that, study said that GDF15 suppress
hepcidin expression in hepatocytes culture and
GDF15 in thalassemia-p patient found in higher
level. This may explain how the decreasing of
hepcidin expression in excess of body iron stores
and support the opinion about GDF15 role as a
hepcidin inhibitor mediator.®

Hemoglobin level was associated with several
different inflammatory marker ie 1L-6, IL-1, TNF-a
and CRP but statistical analysis concluded that only
IL-6 was the independent factor defining
hemoglobin level.*> Other study found that IL-6
level negatively correlated with hemoglobin level
in systemic lupus erythematosus patients.”
Hemoglobin level in ACD is defined by many
factors besides hepcidin role induced by IL-6.
Anemia in ACD is a combination of many different
factors that interact, and the development of anemia
in ACD involved many mechanisms including
disturbance in erythropoetin production, decreasing
of bone marrow response to erythropoetin and
disturbance of iron homeostasis, shortening of
erythrocyte’s lifespan.®

The shortening of erythrocyte’s lifespan
during inflammatory processes supposedly caused
by increase of erythrophagocytosis and erythrocyte
destruction due to cytokines and free radicals.! In
one study of 70 adult malignancy patients
inculding  hematologic  malignancy, inverse
correlation between the degree of anemia and the
level of endogenous erythropoetin was found with
immunoassay method examination.®® However the
influence of hepcidin negative regulation on
development of erythroid precursor in vitro was
also found.? The pathogenesis of anemia of chronic
disease related with the disturbance of iron
homeostasis is still the main problem that need to
elucidate. The discovery of hepcidin has given a
new advancement to solve this problem.® There are
many different mechanisms occurs with different
intensity in every diseases and clinical conditions
underlying the development of anemia in chronic
disease patients. They are supposed playing their
role in contributing the inconsistent result of
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studies regarding influence of iron parameter and
inflammatory mediator markers.

The weakness of this study was the variability
of the main diseases underlying ACD, both in
pathogenesis and biomolecular aspects. As a
consequences, the role of each variable examined
was very inconsistent in times and concentrations.
It was supposedly play apart on this study and also
this study was unable to recruit sufficient number
of patients due to certain conditions.

CONCLUSION

The partial influence of IL-6 on hepcidin was
0.64 or about 64% of hepcidin level was partially
influenced by IL-6 level. The partial influence of
CRP variable on hepcidin was 0.01 or about 1% of
hepcidin level was partially influenced by CRP
level.

The cumulative influence of 1L-6 and CRP on
hepcidin was 0,41 or about 41% of hepcidin level
was influenced by IL-6 and CRP together whereas
the other 64% was influenced by another unknown
and unclear factors.

The partial influence of IL-6 on anemia (Hb)
was only -0.12 or about 12% of hemoglobin level
was partially influenced by IL-6 level.

The partial influence of CRP on anemia (Hb)
was 0.21 or about 21% of hemoglobin level was
partially influenced by CRP level.

The partial influence of hepcidin on anemia
(Hb) was 0.30 or about 30% of hemoglobin level
was partially influenced by hepcidin level.

The cumulative influence of IL-6, CRP and
hepcidin on anemia (Hb) was only 0.12 or about
12% of hemoglobin level was influenced by IL-6,
CRP and hepcidin together whereas the other 93%
was influenced by another unknown and unclear
factors.

Hepcidin could be used as a mediation
variable for the development of anemia because the
direct influence of IL-6 as exogenous factor was
less than its indirect influence through hepcidin. It
was not proven for CRP as exogenous variable
because the direct influence of CRP to hemoglobin
was stronger than the influence of CRP through
hepcidin.

FUTURE WORK

Knowing that many different conditions
underlying ACD could play different role on how
to develop anemia in ACD patients, the future
research should be done just in one particular
disease causing ACD.

REFERENCES

1. Weiss G and Goodnough LT. Anemia of
Chronic Disease. New England Journal of
Medicine 2005; 352: 1011-2.

P-ISSN.2089-1180, €-ISSN.2302-2914

2. Roy CN. Anemia of Inflammation. Hematology
from American Society of Hematology 2010:
276-79.

3. Price EA dan Schrier SL. Unexplained Aspects
of Anemia of Inflammation. Advances in
Hematology 2010: 1-5.

4. Ganz T, The Role of Hepsidin in Iron
Sequestration during Infections and in the
Pathogenesis of Anemia of Chronic Disease.
IMAJ 2002; 4: 1043-45.

5. Ganz T dan Nemeth E. The Role of Hepsidin in
Iron Metabolism. Acta Haematologica 2009;
122: 78-86.

6. Nemeth E, Rivera S, Gabayan V, Keller C,
Taudorf S, Pedersen BK, et al. IL-6 mediates
hypoferremia of inflammation by inducing the
synthesis of the iron regulatory hormone
hepsidin. The Journal of Clinical Investigation
2004;113: 1271-76.

7. Nemeth E, Valore EV, Territo M, Schiller G,
Lichtenstein A, Ganz T. Hepsidin, a putative
mediator of anemia of inflammation, is a type Il
acute-phase protein. Blood 2003;101: 2461-63.

8. Andrews NC, Anemia of inflammation: the
cytokine-hepsidin link, The Journal of Clinical
Investigation 2004; 113:1251-53.

9. Pepys MB., Hirschfield GM. C-reactive
protein: a critical update. J Clin Invest.2003;
111 (12): 1805-12.

10. Edward T.H. CRP as a mediator of disease.
Circulation 2004; 109: 11-14.

11. Allin KH., Bojesen SE., Nordestgaard BG.
Baseline C-Reactive Protein Is Associated With
Incident Cancer and Survival in Patients With
Cancer. J Clin Oncol 2009; 27:2217-24.

12. Maccio A, Maddedu C, Massa D, Mudu MC,
Lusso MR, Gramignano G, et al. Hemoglobin
levels correlate with interleukin-6 levels in
patient with advanced untreated ephitelial
ovarian cancer : role of inflammation in cancer
—related anemia. Blood 2005;106: 362-67.

13.Ripley BJ, Goncavles B, Isenberg DA,
Latchman DS, Rahman A. Raised levels of
interleukin 6 in systemic lupus erythematosus
correlate with anemia. Ann.Rheum Dis.2005:
64(6): 849-53.

14. McMillan, DC. An inflammation-based
prognostic score and its role in the nutrition-
based management of patients with cancer.
Proceedings of the Nutrition Society 2008; 67:
257-62.

15. Siemes C, Visser LE, Coebergh JW, Splinter
TA, Witteman JC, Uitterlinden AG, Hofman A,
Pols HA, Stricker BH. C-reactive protein levels,
variation in the C-reactive protein gene, and
cancer risk: the Rotterdam Study. J Clin Oncol.
2006; 24(33):5216-22.

16. Heikkila K., Ebrahim S., Rumley A., Lowe G.,
Lawlor DA. Associations of Circulating C-

www.balimedicaljournal.org or www.ojs.unud.ac.id , DOI: 10.15562/bmj.v3i2.81 95



http://www.balimedicaljournal.org/
http://www.ojs.unud.ac.id/
http://www.jci.org/articles/view/18921/files/pdf?disposition=attachment
http://www.jci.org/articles/view/18921/files/pdf?disposition=attachment
http://www.ncbi.nlm.nih.gov/pubmed?term=Siemes%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17114654
http://www.ncbi.nlm.nih.gov/pubmed?term=Visser%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=17114654
http://www.ncbi.nlm.nih.gov/pubmed?term=Coebergh%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=17114654
http://www.ncbi.nlm.nih.gov/pubmed?term=Splinter%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=17114654
http://www.ncbi.nlm.nih.gov/pubmed?term=Splinter%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=17114654
http://www.ncbi.nlm.nih.gov/pubmed?term=Splinter%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=17114654
http://www.ncbi.nlm.nih.gov/pubmed?term=Witteman%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=17114654
http://www.ncbi.nlm.nih.gov/pubmed?term=Uitterlinden%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=17114654
http://www.ncbi.nlm.nih.gov/pubmed?term=Hofman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17114654
http://www.ncbi.nlm.nih.gov/pubmed?term=Pols%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=17114654
http://www.ncbi.nlm.nih.gov/pubmed?term=Stricker%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=17114654

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Bali Medical Jouwrnal (Bali Med.. J.) 2014, Volume 3, Number 2: 89-96

Reactive Protein and Interleukin-6 with
Survival in Women with and without Cancer:
Findings from the British Women’s Heart and
Health Study. Cancer Epidemiol Biomarkers
Prev.2007 ; 16(6):1155-9.

Theurl I, Aigner E, Theurl M, Nairz M, Seifert
M, Schroll A, et al., Regulation of iron
homeostasis in anemia of chronic disease and
iron deficiency anemia: diagnostic and
therapeutic implications. Blood 2009; 113:
5277-86.

Reeves G. C-reactive protein. Aust Prescr.
2007; 30: 74-6.

Moshage HJ, Janssen JA, Franssen JH. Study of
the molecular mechanism of decreased liver
synthesis of albumin in inflammation. J Clin
Invest. 1987; 79:1635-39.

Gabay C, Kushner I. Acute-phase proteins and
other systemic responses to inflammation. N
Engl J Med 1999; 340:448-53.

Gaitonde S, Samols D, Kushner I. C-reactive
protein and systemic lupus erythematosus.
Arthritis Rheum 2008; 59:1814-22.

Detivaud L, Nemeth E, Boudjema K, Turlin B,
Troadec MB, Leroyer P, Ropert M, Jacquelinet
S, Courselaud B, Ganz T, Brissot P, Lore"al O.
Hepcidin levels in humans are correlated with
hepatic iron stores, hemoglobin levels, and
hepatic function. Blood 2005; 106: 746-48.
Peters HPE, Rumjon A, Bansal SS, Laarakkers
CMM, van den Brand JAJG, Sarafidis P,
Musto R, Malyszko J, Swinkels DW, Wetzels
JFM, Macdougall IC. Intra-individual
variability of serum hepcidin-25 in
haemodialysis patients using mass spectrometry
and ELISA. Nephrol Dial Transplant 2012; 0:
1-7.

Kato A, Tsuji T, Luo J, SakaoY, Yasuda H,
Hishida A. Association of prohepcidin and
hepcidin-25 with erythropoietin response and
ferritin in hemodialysis patients. Am J Nephrol .
2008; 28(1):115-21.

Eguchi A, Mochizuki T, Tsukada M, Kataoka
K, Hamaguchi, Oguni S, Nitta K, Tsuchiya K.
Serumhepcidin Levels and Reticulocyte
Hemoglobin Concentrations as Indicators of the
Iron Status of Peritoneal Dialysis Patients. Int.J.
Nephrol 2012; September 27: 1-7.

Koury MJ. A temporal role for hepcidin in the
anemia of inflammation and chronic disease.
The Hematologist 2012; Nov 01.

P-ISSN.2089-1180, €-ISSN.2302-2914

27.Ganz T. Hepsidin and Its Role in Regulating
Systemic Iron Metabolism in; Iron in
Hematology. Hematology from American
Society of Hematology 2006:p. 29-34.

28.Ramey G, Deschemin JC, Durel B, Hergaux
FC, Nicolas G, dan Vaulont S. Hepsidin targets
ferroportin for degradation in hepatocytes.
Haematologica 2010; 95(3): 501-04.

29. Leong WI dan Lonnerdal B, Hepsidin, the
Recently Identified Peptide that Appears to
Regulate Iron Absorption. The Journal of
Nutrition 2004; 134: 1-4.

30. Nicolas G, Chauvet C, Viatte L, Danan JL,
Bigard X, Devaux I, et al. The gene encoding
the iron regulatory peptide hepsidin is regulated
by anemia, hypoxia, and inflammation. The
Journal of Clinical Investigation
2002;110:1037-44.

31.de Mast Q, van Dongen-Lases EC, Swinkels
DW, et al. Mild increases in serum hepcidin and
interleukin-6 concentrations impair iron
incorporation in haemoglobin during an
experimental human malaria infection. Br J
Haematol 2009; 145:657-64.

32. Lee P, Peng H, Gelbart T, Wang L, dan Beutler
E. Regulation of hepsidin transcription by
interleukin-1 and interleukin-6. Proc. Natl.
Acad. Sci. USA 2005; 102: 1906-10.

33.Park M, Lopez MA, Gabayan V, Ganz T, dan
Rivera S, Supression of hepsidin during anemia
requires erythropoietic activity. Blood 2006;
108: 3730-35.

34. Babitt JL dan Lin HY, Molecular Mechanism of
Hepsidin Regulation: Implications for the
Anemia of CKD, Am J Kidney Dis. 2010;
55(4): 726-741.

35. Bakta IM, Anemia akibat Penyakit Kronik in:
Hematologi Klinik Ringkas. Jakarta : EGC,
2006, pp. 39-41.

36. Adamson JW, The Anemia of
Inflammation/Malignancy: Mechanisms and
Management, Hematology from American
Society of Hematology, 2008: 159-163.

This work is licensed under
a Creative Commons Attribution

www.balimedicaljournal.org or www.ojs.unud.ac.id , DOI: 10.15562/bmj.v3i2.81 96



http://www.balimedicaljournal.org/
http://www.ojs.unud.ac.id/
http://www.uptodate.com/contents/acute-phase-reactants/abstract/15
http://www.uptodate.com/contents/acute-phase-reactants/abstract/15
http://www.uptodate.com/contents/acute-phase-reactants/abstract/15
http://www.uptodate.com/contents/acute-phase-reactants/abstract/15
http://www.uptodate.com/contents/acute-phase-reactants/abstract/2
http://www.uptodate.com/contents/acute-phase-reactants/abstract/2
http://www.uptodate.com/contents/acute-phase-reactants/abstract/2
http://www.uptodate.com/contents/acute-phase-reactants/abstract/79
http://www.uptodate.com/contents/acute-phase-reactants/abstract/79
http://www.uptodate.com/contents/acute-phase-reactants/abstract/79
http://www.uptodate.com/contents/anemia-of-chronic-disease-anemia-of-chronic-inflammation/abstract/49
http://www.uptodate.com/contents/anemia-of-chronic-disease-anemia-of-chronic-inflammation/abstract/49
http://www.uptodate.com/contents/anemia-of-chronic-disease-anemia-of-chronic-inflammation/abstract/49
http://www.uptodate.com/contents/anemia-of-chronic-disease-anemia-of-chronic-inflammation/abstract/49
http://www.uptodate.com/contents/anemia-of-chronic-disease-anemia-of-chronic-inflammation/abstract/49
http://www.uptodate.com/contents/anemia-of-chronic-disease-anemia-of-chronic-inflammation/abstract/49

