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Abstract

Background: Monocytes and granulocytes, activated by contact with hemodialysis membranes, generate

increased cytokine secretion, an important key in pathogenesis of anemia and erythropoietin (rHUEPO) resistance.
We aimed to examine the correlation of IL-17 and pro-hepcidin with anemia of chronic kidney disease (CKD) patients
treated with hemodialysis (HD).

Method: 69 HD patients were included. Exclusion criteria were: neoplasia, acute infections, blood loss, absolute
iron deficiency. IL-17 and pro-hepcidin were determined. Hemoglobin, ferritin, transferrin and transferrin saturation
were measured. rHUEPO responsiveness index was calculated. A poor response to rHUEPO was defined as rHUEPO
responsiveness index>200.

Results: Mean level of IL-17 was 33.3 £ 5.1 pg/ml and pro-hepcidin was 336.6 + 23.7 pg/ml. IL-17 and pro-hepcidin
negatively correlated with hemoglobin (R0.503, p<0.001and R0.693, p<0.001) and with transferrin saturation (R0.306,
p=0.01; R0.455, p=0.002) and positively correlated with rHUEPO responsiveness index (R0.416, p<0.001; R0.674,
p<0.001). Patients with rHUEPO index>200 had higher pro-hepcidin (432.5 + 25 vs. 157.5 + 12 pg/ml, p<0.001),
increased IL-17 (27 + 1.9 vs. 4.9 £ 0.3 pg/ml, p<0.001), and lower iron biodisponibility (transferrin saturation 18 +
1.6% vs.31 = 1.2%; p<0.001) than those with rHUEPO responsiveness index<200. IL-17 positively correlated with pro-
hepcidin (R0.454, p<0.001).

Conclusion: High levels of IL-17 and pro-hepcidin are both correlated with low hemoglobin, poor response to

rHUEPO and decreased iron biodisponibility in hemodialysis patients.
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Introduction

Anemia is an important cause of morbidity and mortality in all
end stage renal disease patients and particularly in those treated
with chronic hemodialysis. Erythropoiesis stimulating agents (ESA)
improved anemia treatment in these patients but it has been observed
that up to 12-15% of hemodialysis patients have a poor response to
erythropoietin administration [1-3]. Decreased iron availability for
erythropoiesis is one of the important causes of anemia in these patients.
The role of inflammation as a factor of reduce iron biodisponibility
and erythropoietin hyporesponsiveness has been intensively studied
lately. Despite worldwide efforts there are many missing links in the
pathogenesis of anemia and erythropoietin resistance in chronic
hemodialysis patients. Monocytes and granulocytes activated by
contact with extracorporeal hemodialysis membranes generate
increased cytokine secretion. The role of IL2, IL6, TNF alfa, IFN
gamma in anemia of inflammatory and chronic kidney diseases has
been previously demonstrated [2-5]. Hepcidin is an acute phase protein
which seems to be involved in iron metabolism and it’s liver synthesis is
induced by some proinflammatory cytokines such as IL6, IFN gamma
[6-15]. Hepcidin-25 is the biologically active form of the hormone
resulted from the cleavage of pro-hepcidin [16-18]. Experimental
studies on mice and rats with chronic inflammatory diseases have
shown that hepcidin increases macrophages iron intake and decreases
macrophages iron outtake by inhibiting feroportin membrane channels
[6,19-21]. A functional iron deficiency occurs as a result. Other
factors involved in hepcidin regulation are anemia, hypoxia and iron
deficiency. Iron administration increase hepatocyte transcription of
gene for hepcidin synthesis [10,12,22] while transferrin-bound iron

decreases hepcidin levels [15]. Kidney plays an important role in
hepcidin metabolism and patients with CKD have increased serum
levels of pro-hepcidin, hepcidin, and hepcidin metabolites. The role
of hepcidin in anemia and iron availability of hemodialysis patients is
now under debate. Moreover, if both pro-hepcidin and hepcidin 25 are
involved in the pathogenetic mechanisms is not well known as yet. Only
few studies on hepcidin in anemia of chronic hemodialysis patients are
available by now.

Even less studied was IL-17. It has been observed on experimental
models that IL-17 inhibits medullar erythropoiesis [23-25] but as
our knowledge there are no data about the role of IL-17 in anemia of
chronic kidney disease and erythropoietin resistance.

The aim of our study was to examine the role of pro-hepcidin and
IL-17 in anemia and erythropoietin responsiveness in patients with
CKD treated with hemodialysis.
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Material and Methods

Data of 145 patients with chronickidney disease treated with chronic
hemodialysis in Nefromed Dialysis Center Cluj Napoca, Romania, have
been analyzed. Patients with neoplasia, blood loss, acute infections,
absolute iron deficiency, severe secondary hyperparathyroidism,
insufficient dialysis dose, cirrhosis, congestive heart failure have been
excluded. Remaining 69 patients were included.

Patients’ informed consent and the agreement from Ethics
Committee of University of Medicine Cluj Napoca was obtained.

All patients received subcutaneous beta recombinant-human
rHuEPO and folic acid orally. 16 healthy volunteers were included in
a control group. Hemoglobin, hematocrit, serum iron, ferritin and
transferrin were measured. Transferrin saturation was calculated
as TSAT=70.9 x serum iron (mcg/dl)/tranferrin (mg/dl). Serum
ferritin>100 ng/ml with TSAT<20% was considered functional
iron deficiency. Administered rHUEPO doses (U/kg/week) were
recorded. rHUEPO responsiveness index was calculated as rHuEPO
U/week/hematocrit. rHuEPO index>200 was considered as rHUEPO
hyporesponsiveness.

Serum pro-hepcidin was measured in hemodialysis patients
and in controls using DRG Hepcidin Prohormon ELISA kit. 10 ml
peripheral venous blood samples was collected and serum separation
was performed by centrifugation at 2500 x g for 10 minutes at 4°C
and stored at -20°C prior to pro-hepcidin measurement. IL-17 was
determined in both hemodialysis patients and controls using ELISA
kit. Peripheral blood sample was collected; serum was separated by
centrifugation at 1000 x g for 15 minutes and stored at -20°C before
measurement of IL-17.

Statistical analysis was performed with SigmaStat using linear
regression and t-test. Data is expressed as mean + SEM. Correlation of
C Reactive Protein (CRP), IL-17 and pro-hepcidin with hemoglobin,
serum ferritin, transferrin saturation, tHuEPO dose and rHuEPO
responsiveness index was followed, as well as the correlation between
CRP, IL-17 and pro-hepcidin.

Results

General characteristics of hemodialysis patients were as follows:
mean age was 59 + 11 years, males/females ratio 1.3/1, mean time
on dialysis was 4.8 + 1.1 years. All patients received adequate dose of
dialysis, expressed as mean KT/V 1.35 + 0.1 (KT/V>1.3 is considered
as normal). Mean CRP in hemodialysis patients was 7.2 + 3.4 mg/1 vs.
1.1 £ 0.5 mg/l in controls (p<0.001). Serum level of IL-17 was 53.3 +
23.1 pg/ml in hmodialysis patients vs. 36.3 + 21.1 pg/ml in controls
(p=0.002). High levels of pro-hepcidin were find in hemodialysis
patients as compared to controls (336.6 + 123.7 pg/ml vs. 83.2 £ 57.3
pg/ml, p<0.001).

Biological parameters, rHUEPO dose and rHUEPO responsiveness
index in hemodialysis patients are listed in Table 1.

Correlation of IL-17 with hemoglobin and rHuEPO responsiveness
index are presented in Figures 1 and 2. High dose of administered
rHuEPO correlated with high levels of IL-17 (p<0.001, R0.426).

We found a positive correlation of pro-hepcidin and IL-17 with
CRP (p<0.001, R=0.437 and P=0.02, R=0.367 respectively), as well
as a positive correlation between IL-17 and pro-hepcidin (p<0.01,
R=0.454). A positive correlation of pro-hepcidin and IL-17 with serum
ferritin has also been observed (p<0.01, R0.594 and p=0.03, R=0.254
respectively), as well as with transferrin saturation (p=0.002, R=0.455
and p=0.01, R=0.306).

Mean + SD
Hb (g/dl) 10617
Ht (%) 325+46
Serum iron (pg/dl) 61.1+3.2
Serum ferritin (ng/ml) 767.2£47.3
Transferrin saturation (%) 271+94
rHUEPO dose (U/kg/week) 104 £ 15.2
rHUEPO responsiveness index (U/week/Ht) 249 +15.9

Table 1: Biological parameters, rHUEPO dose and rHUEPO responsiveness index
in studied hemodialysis patients.

Pro-hepcidin positively correlated with required rHUEPO dose
in chronic hemodialysis patients (p<0.001, R=0.453). Correlation
of hepcidin with hemoglobin and rHUEPO responsiveness index is
presented in Figures 3 and 4.

CRP, IL-17 and pro-hepcidin as well as hemoglobin, serum ferritin
and transferrin saturation in rHuUEPO hyporesponsiveness patients as
compared to good responders are presented in Table 2.

IL 17 and pro-hepcidin levels were higher in patients with decreased
transferrin saturation as compared with those with normal transferrin
saturation (26.8 £ 1.9 vs 6.1 + 0.4 pg/ml, p=0.001; 477.5 + 39 vs 157.5 +
12.5 pg/ml, p<0.001).

Discussions

The most important findings of present study are the correlations of
pro-hepcidin and IL-17 with anemia, reduced iron availability and poor
response to erythropoietin treatment in chronic hemodialysis patients,
as well as the correlation between IL-17 and pro-hepcidin.

This study showed an increased inflammatory state in chronic
hemodialysis patients, expressed as increased levels of CRP, high levels
of IL-17 and of pro-hepcidin. Chronic hemodialysis patients had higher
levels of CRP, IL-17 and pro-hepcidin as compared to the controls.

There are only few previous studies showing increased levels of
pro-hepcidin and hepcidin in chronic hemodialysis patients [16,26-
33] while as our knowledge there are missing data about IL-17 on this
population.

Pro-hepcidin positively correlated with CRP in our patients despite
other studies which reported no correlation between pro-hepcidin
and CRP in chronic hemodialysis patients. Valenti et al. recently
demonstrated a positive correlation between hepcidin-25 and CRP in
hemodyalisis population but they found no correlation of CRP with
pro-hepcidin [34]. Moreover we found a negative correlation of IL-17
and pro-hepcidin with hemoglobin as shown in Figures 1 and 3. There
are few authors doubting about the correlation of pro-hepcidin with the
active form of hepcidin [35-38]. Weiss et al. found that pro-hepcidin
does not correlate either with hepcidin or with inflammation markers,
anemia and iron deficiency in chronic hemodialysis patients [16]
while in our study we found a correlation of pro-hepcidin with CRP,
IL-17 as well as with anemia, functional iron deficiency and rHuEPO
hyporesponsiveness.

Inflammation has shown to be a major regulator for hepcidin
synthesis resulting in increased levels of hepcidin [12]. IL-6 has been
proved to be a trigger for hepcidin synthesis but the role of IL-17 in
hepcidin regulation and in iron metabolism has not been reported
in the literature. Only a few experimental studies reported a possible
role of IL-17 in inhibition of medullar hematopoietic progenitors cell
proliferation [24,25]. To demonstrate if IL-17 is involved in hepcidin
regulation or not further studies are required.
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Figure 1: Correlation between IL17 and hemoglobin in chronic hemodialysis
patients.
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Figure 2: Correlation of IL17 with rHUEPO responsiveness index in chronic
hemodialysis patients.

IL-17 and pro-hepcidin positively correlated with administered
rHuEPO dose and with rHUEPO responsiveness index (Figures 2 and
4). Patients with high levels of pro-hepcidin received higher doses
of rHUEPO and had a poor response to rHuEPO as compared to the
others. Both IL-17 and pro-hepcidin displayed a positive correlation
with serum ferritin and negative correlation with transferrin saturation.
We found higher levels of IL-17 and pro-hepcidin in patients with
decreased transferrin saturation than in patients with higher transferrin
saturation, meaning that functional iron deficiency is correlated with
high levels of IL-17 and pro-hepcidin. Our results are important
showing that pro-hepcidin is linked to reduced iron availability and
high rHUEPO doses, while some in vitro and animals studies proved
that erythropoietin can block hepcidin expression; Weiss et al. found
that rHUEPO administration to the end of dialysis session decreases
hepcidin levels [16,39,40]; anyway all these studies, including the
present one, were performed on a small number of patients and larger
investigations are needed to elucidate the mechanisms of hepcidin in
anemia, iron availability and anemia treatment in chronic hemodialysis
patients.

Correlation of hepcidin with hemoglobin

R0.693, p<0.001

hemoglobin (g/dl)

0 200 400 600 800 1000 1200

hepciding (pg/ml)

& hepciding (pg/ml) vs hemoglobin (g/dl)
— Plot 1 Regr

Figure 3: Correlation between pro-hepcidin and hemoglobin in chronic
hemodialysis patients.
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Figure 4: Correlation of pro-hepcidin with rHUEPO responsiveness index in
chronic hemodialysis patients.

A positive correlation between IL-17 and pro-hepcidin has
found in this study which as our knowledge has not been previously
demonstrated. The role of IL-17 in iron metabolism and hepcidin
regulation is to be further investigated.

Some authors found a decrease of hepcidin levels to the end of
dialysis [16]; to demonstrate the role of hemodialysis and hemodialysis
modality in hepcidin regulation further investigations are required;
in our studies all patients received the same hemodialysis regimen
regarding to the length of sessions, frequency and hemodialysis
membranes.

Experimental and human studies demonstrated that anemia
and iron deficiency are the other two important regulators of
hepcidin, decreasing hepcidin synthesis. Our findings of high levels
of pro-hepcidin in anemic hemodialysis patients with functional
iron deficiency and increased inflammatory state demonstrate that
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rHUEPO rHUEPO

index<200* index>200** P
CRP 0.9+0.42 3.02+1.13 <0.01
IL17 49+0.3 27 1.9 <0.001
Pro-hepcidin 157.5+12 4325+ 25 <0.001
Hemoglobin 11.9 0.6 9.1+0.8 0.002
Serum ferritin 335+68.4 789 +49.8 <0.001
Transferrin saturation 31+1.2 18+1.6 <0.001
Administered tHUEPO | g, 5, 4 4 7 181.36 + 44.83 <0.001

dose

*Good responders to rHUEPO therapy.**rHUEPO hyporesponsiveness patients.

Table 2: Inflammation markers, hemoglobin and iron status in rHUEPO
hyporesponsiveness patients as compared to good responders.

hepcidin in hemodialysis patients is the cause of erythropoietin
hyporesponsiveness by reducing iron availability in these patients; our
data is consistent with those reported by Valenti et al [34].

In conclusion, both pro-hepcidin and IL-17 are correlated with
anemia and poor response to rHUEPO treatment linked to decreased
iron availability for erythropoiesis in chronic hemodialysis patients.
Moreover, IL-17 correlates with pro-hepcidin, which, as our knowledge,
has not been previously demonstrated. Further studies are required to
investigate the role of IL-17 in hepcidin regulation, as well as in iron
metabolism, in order to better understand the mechanisms of rHUEPO
resistance and to improve the management of anemic hemodialysis
patients.
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