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1. Abstract

1.1. Background: Anemia represents a significant problem in In-
flammatory Bowel Disease (IBD) and diagnosis may be challenging
due to inflammation. Hepcidin, ferroportin and hephaestin are novel
Iron Regulatory Proteins (IRPs) involved in iron metabolism. This
study aimed to identify the interactions of these proteins in IBD

patients, guiding safe iron supplementation and effective treatment.

1.2. Methods: This cross-sectional study included 100 IBD patients
(42 Crohn’s disease, 58 ulcerative colitis) and 44 healthy controls.
Blood samples were drawn from all subjects to assessment of IRPs,
iron-anemia workup and the other parameters. The IRPs were ana-
lyzed using ELISA method. The patients were classified according to

anemia and disease activity.
Software R statistical packages were used.

1.3. Results: Anemia was detected in 48% of patients and 79% of

anemics had active diseases. All IRP levels were found significantly

higher in IBDs compared to controls, regardless of anemia or dis-
ease activity (p<<0.001, for all pair wise comparisons). In contrast to
hemoglobin which was negatively correlated (r=-0.30, p=0.003), fer-
ritin and hepcidin levels were found positively correlated with disease
activity (p<<0.001 vs p=0.038). The increases in serum ferroportin
and hephaestin are likely to be associated with anemia due to lack of
correlation between the diseases activity (p=0.213 vs p=0.140).

1.4. Conclusion: It was unlikely that hepcidin likewise ferritin were
not affected by inflammation in the anemic settings. Further studies
are warranted to better delineate the key role of these markers espe-
cially their bioactive forms, in iron metabolism and inflammation in
IBD.

2. Introduction

Anemia represents a significant problem in patients with inflamma-
tory bowel disease (IBD) with a reported prevalence of 15% to 75%

[1]. The most common cause of anemia in IBD is iron deficiency



(ID) followed by the anemia of chronic disease (ACD) [2]. Several
laboratory indices and markers such as ferritin, transferrin, transfer-
rin saturation as well as soluble transferrin receptors can be utilized
for the differential diagnosis of anemia in these patients [2]. Howev-
e, the inflammation could complicate the diagnosis due to the over-
lap of iron-deficiency anemia (IDA) and ACD [2,3]. The possibility
of these factors being affected by ongoing inflammation is also an

important issue for guiding safe iron supplementation.

We have recently witnessed the discovery of novel iron regulatory
proteins (IRPs) involved in iron metabolism such as hepcidin (Hepc),
ferroportin (Fpn) and hephaestin (Heph). Among these, Hepc, the
key regulator of systemic iron balance, is a circulatory peptide hot-
mone mainly synthesized by the liver that coordinates the utilization
and storage of iron and that prevents the release of iron into the
plasma [4-7]. On the other hand, Fpn is responsible for the cellular
release of iron into the plasma and allows the loading of iron to plas-
ma transferrin [8,9]. Furthermore, Fpn is the receptor for Hepc, the
binding of which leads to the inhibition of transfer of iron into plas-
ma [10,11]. Fpn levels are under the strict control of Hepc to prevent
iron overload due to excessive iron absorption [11]. Heph is a protein
involved in the metabolism of iron, and probably of copper [12]. It
is a copper-bound transmembrane ferroxidase responsible for the
transport of dietary iron from intestinal enterocytes to the systemic

circulation [12,13].

Studies examining the role of Hepc in anemia associated with IBD
have been scarce in number and provided controversial results [14-
18]. Until now, no studies have examined the role of Fpn and Heph
in iron regulation in patients with IBD in the clinical settings. In the
study, we aimed to determine the role of serum Hepc, Fpn and Heph
in guiding safe iron supplementation and anemia treatment in IBD

patients.
3. Patients and Methods

This cross-sectional study included a total of 144 subjects; 100 IBD
patients (42 Crohn’s disease (CD), 58 ulcerative colitis (UC)) and 44
age-sex matched healthy controls followed from September 2014 -
February 2015 in the Gastroenterology Clinic. Diagnosis of IBD was
established based on clinical, endoscopic and pathological criteria.
The control group was composed of those who presented to the
clinic for dyspepsia complaints without any other illnesses. Exclu-
sion criteria were as follows: history of blood transfusion or dona-
tion, iron or vitamin intake within the last three months, presence of
chronic diseases, malignancy, or any type of hematological diseases
and alcohol consumption. Study protocol was approved by local eth-
ics committee (N0.2014/05). Informed consent was obtained from

all participants included in the study.

3.1. Assessments

Blood samples were drawn from all subjects for study assessments
including IRPs, Ironanemia work-up, basic metabolic panel and
acute phase reactants. Crohn’s disease activity index (CDAI) and

Truelove-Witts” score (TWS) were used for the assessment of dis-
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ease activity in CD and UC group, respectively [19-21]. The CDAI
scores can range from 0 to ~600 and scores of < 150 has been la-
beled as remission, 150-219 as mildly active and scores of 220-450
as moderately active disease [19]. Based on TWS criteria UC rated
as ‘severe’, in whom there are 6 or more stools with blood and 1 or
more of hemoglobin (Hb) <10.5 g/dl, ESR >30 mm/h ot CRP > 30
mg/L, fever >37.8°C, or tachycardia >90/min, as ‘remission’ when a
stool frequency < 3/day with no bleeding and all criteria are satisfied
[20,21]. In the study we defined only active or remission status, sever-

ity levels were not assessed.

Enteric infections were also excluded in patients with active disease
using stool amoeba antigen test, clostridium difficile toxin and stool
culture, where appropriate. Anemia was defined as a hemoglobin lev-
el <13 g/dl for males and <12 g/dl for females.

3.2. Hepcidin, ferroportin and hephaestin measurements

For the measurements of these three parameters, 10 ml of venous
blood was drawn from the subjects and immediately sent to the lab-
oratory. Sera were separated through centrifugation at 3500 rpm for
10 minutes and divided into three Eppendorf tubes. Samples were
kept at -80 °C until analysis. After collection of the study samples,
all were analyzed for IRP levels in a single session at the biochem-
istry laboratory using micro- enzyme linked immunosorbent assay
(ELISA) method. All serum samples were analyzed after confirma-
tion of the absence of hemolysis according to serum index and se-
rum potassium levels. ELISA kits for human Hepc, Fpn (SLC40A1)
and Heph (Cusabio,China) were used. Following the preparation of
standards and chemicals, standard and samples wete placed into the
wells on the plate. Then samples were allowed to change color de-
pending on Hepc, Ferp and Heph concentrations. Following the full
development of color, absorbance values of the wells were recorded
using Kayto RT - 2100c Microplate ELISA reader at 450 nanome-
ters. Concentrations were calculated using absorbance values. Val-
ues were reported in ng/mL for Hepc and Heph, and in pg/mL for
Fpn. Sensitivity or lower detection limit or in other words the lowest
protein concentration that could be differentiated from zero were
6.25 ng/mlL, 5.8 pg/mL and 0.078 ng/mL for Hepc, Fpn and Heph,
respectively. The inter (precision between assays) and intra (precision
within an assay) variation coefficients (CV) of these parameters were;
for Hepc CV <15% (inter and intra were the same), for Fpn <10%
and% <CV% 8 and for Heph was <10% and% <CV% 8.

3.3. Hematologic, Acute Phase Reactants and Metabolic Panel

Assessments

Complete blood count with differentials was measured by Siemens
ADVIA 21201 hematology analyzer. Erythrocyte sedimentation rate
(ESR) results were obtained by classical Westergren method. Se-
rum albumin (Bromcresol Purple (BCP) method, reference interval
(RI):3,5-5,2¢/dl) and serum C-reactive protein (CRP) (Immunotut-
bidimetric method, RI: <0,5 mg/dl), were measured by Cobas C702
analyzer and serum iron (Ferrozine method, (RI: 33193 pg/dl) and
total iron binding capacity (TIBC) (R1:125-392 pg/dl) were measured
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by Cobas C502 analyzer; serum ferritin (R1:13-400 ng/ml), serum, vi-
tamin B12 (B12) (RL: 197-771 pg/ml), and folate (R1:4,6-18,7 ng/ml)
were measured by electrochemiluminescence method using Cobas
E602 analyzer and transferrin saturation (range; 30-40%) was calcu-
lated. Normal reference range of red blood cell distribution width

(RDW) used as 11.5-14.5%.
3.4. Statistical Analysis

ANOVA and Welch t-test were used to assess a difference between
patients and controls in terms of their age, body mass index (BMI),
disease duration, Hb, RDW and IRP levels.

Summary statistics of the compared values were presented as mean
* standard deviation (SD). Results were calculated separately based
on anemia and disease activity. To determine whether there is any sig-
nificant difference between the groups Chi-square and Fisher’s Exact
tests were used. Correlations between CRP and the other parame-
ters were calculated using Pearson correlation coefficient. In order
to obtain a better linear relationship, log transformation was applied
on CRP values. A p-value of < 0.05 was considered statistically sig-
nificant. The analyses were carried out with software R. statistical

packages.
4. Results
4.1. Demographic and Clinical Characteristics

Table 1 shows the demographic and clinical characteristics of the
groups along with their comparisons. There were 144 cases in the
study. Forty-two (29%) were diagnosed with CD and 58 (40%) were
diagnosed with UC. There were no differences (p =0.715) between
the age of CD’s (39.5£10.1, range 20-64 yr), UC patients (40.1£12.3,
range 20-67 yr) and controls (38.1+15.1, range 19-66 yr).

Sixty (42%) of the cases were female. Fourteen (50%) patients with

Table 1: Comparison of the study groups with regards to demographic and
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CD, 27 (47%) patients with UC and 19 (43%) people in the control
group were female. There were no differences between the groups
according to sex (p=0.404) and BMI (p =0.377).

Eighteen (%43) CD patients, 5 (9%0) UC patients and 9 (21%) people
in the control group were smokers. There was an association between
smoking status and groups (p<<0.001). There were more smokers in

the CD group than others.
Twenty (48%) of the CD patients and 28 (%48) of the UC were

anemic. There was no association between anemia status and disease
type (p=1.000). The mean disease duration of the patients was simi-
lar; for CD; 5.4%4.8 years, range 0-20 yr and for UC patients; 4.5+3.6
years, range 0-14 yr. (p=0.290).

Crohn’s patients underwent surgery more than UC patients (26% vs
2 %, p<0.001). Among CD patients, small bowel was the most com-
mon site of involvement (n=21, 50%), followed by ileocolic (n=18,
42.8%) and colonic (n=3, 7.0%). Three of the small bowel cases also
have the upper system involvement. Majority of UC patients had
extensive involvement (n=31, 53 %), followed by left sided disease
(n=26, 44.8%) and proctitis (n=1, 1.7%).

The twenty-three (55%) CD and twenty-six (45%) UC patients were
reported as in active status according to the scoring system and the
ratios were similar between the groups (p=0.437). We redefined dis-
ease activity based on the CRP levels; the disease was considered
active if the CRP level was 20.5. There were a mild differences the
disease activity defined by CRP; according to results 28 (67%) of
Crohn’s and 24 (41%) of UC patients were in active status. This was
statistically higher than UC patients (p=0.022).

The treatments of steroid and anti- tumor necrosis factor (TNF)
were also significantly higher in the CD group; p=0.005 vs. 0.029,
respectively. (Table 1).

clinical characteristics

Controls (n=44) Crohn’s Disease (n=42) Ulcerative Colitis (n=58) p-value
Age, year 38.1£15.1 39.5+10.1 40.1+12.3 0.715
Sex, F/M 19/25 14/28 27/31 0.404
BMI, kg/m? 24.5+3.9 23.5+4.6 24.6+3.9 0.377
Smoking, n (%) 9 (21%) 18 (43%)* 5 (9%) <0.001
Anemia, n (%) - 20 (48%) 28 (48%) 1
Disease duration, year - 5.4+4.8 4.5+3.6 0.296
Surgery for IBD, n (%) - 11 (26%)* 1 (2%) <0.001
Active IBD™, n (%) - 23 (55%) 26 (45%) 0.437
Activity IBD by CRP, n (%) - 28 (67%)* 24 (41%) 0.022
Medication for IBD, n (%)
Salazopyrin - 2 (5%) 1 (2%) 0.776
S-aminosalicylic acid - 20 (48%) 44 (76%)* 0.007
Oral steroid - 19 (45%)* 6 (10%) 0.005
Azathioprine - 9 (21%) 10 (17%) 0.788
Anti-TNF Metronidazole - 4 (10%)* 0 0.029

- 3 (7%) 0 0.072

Abbreviations: BMI; Body mass index, IBD; Inflammatory bowel disease, CRP; C-reactive protein, TNF; Tumor necrosis factor.

Age, BMI, and disease duration values are expressed as mean + standard deviation.

* Statistically significant (p < 0.05, Fisher’s Exact Test).
** According to scoring system.



4.2. Comparison of the Study Parameters

Table 2 and subtables show the comparison of study parameters
across the groups; 2a presented comparison of the parameters in
regards to anemia and inflammation, 2b was for comparison of the
IRPs.

Between the groups mean corpuscular volume (MCV), white blood
cell count (WBC), platelet cell count (PLT), CRP, ESR, albumin, iron,
transferrin saturation and folic acid levels were found to be signifi-
cantly different. (p<<0.001 for all pair wise comparison). Except for
folic acid, these differences were caused by controls, while the folic
acid level was lower in the CD than in the UC and controls. In terms
of TIBC and B12, no significant difference was found between the
groups. (Table 2a).
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As seen in Table 2b, the mean Hb and ferritin levels were found sig-
nificantly lower in IBD groups than in controls. On the other hand,
the mean RDW, Hepc (range 25.9-123.6 for CD and, 56-136 ng/ml
for UC pts), Fpn (range 213-267 for CD and, 211-271 pg/ml for UC
pts.) and Heph (range 0.371-521 ng/ml for CD and, 0.174-0.504 ng/
ml UC pts) levels were significantly higher in the IBD patients than
controls (Table 2b). Although there was a significant difference com-
pared to the controls, only CRP, ESR, transferrin saturation, Hb and
RDW values were out of the reference limits in the patient groups.
(Table 2a-b). Likely, Hepc, Fpn and Heph levels were increased near-
ly to 4.5, 1.5 and 2.2 times respectively than the controls, but in con-
trast to the controls all three proteins remain in normal limits. (Table
2b). In the controls; Hepc (mean 10.5, range 4.9-18.3 ng/ml) and
Heph (mean 0.18, range 0.11-0.229 ng/ml) levels wete below the
reference values except Fpn (mean 167, range 106-262 pg /ml) levels.

Table 2a: Comparison of the groups with regards to anemia and inflammatory parameters

Contro (n=44) | Crohn’s Disease (n=42) Ulcerative Colitis (n=58) | p-value
MCV, fL 88.4+5.7* 82.2+8.3 82.6+9.3 <0.001
WBC, x10°/L 6.6£1.6* 9.243.6 8.2+3.2 <0.001
Thrombocytes, x10°/L 233+53* 381+145 346+136 <0.001
CRP, mg/L 0.2+0.2%* 2.6+4.0 1.7£3.0 <0.001
ESR, mm/h 11.5+£8.6* 32.9+23.0 28.1£26.1 <0.001
Albumin, g/dL 4.6+0.3* 4.0+0.7 4.240.5 <0.001
Serum iron, pg/dL 113.5+42.6* 44.4429.5 51.84£34.9 <0.001
Tot.iron binding capacity,ug/dL 325+38 324467 345+68 0.14
Transferrin saturation, % 36.4+14.0* 13.9+8.9 15.4+£10.4 <0.001
Vitamin B12, ng/L 363+122 3954336 4254287 0.502
Folic acid, nmol/L 9.6+3.2 7.5+2.8* 10.5+2.8 <0.001

Abbreviations: MCV; Mean corpuscular volume, WBC; White blood cells, ESR; Erythrocyte sedimentation rate.

Data presented as mean =+ standard deviation.
*Statistically significant (p < 0.05, Welch t-test).

Table 2b: Comparison of Crohn’s and UC patients with controls in terms of hemoglobin, RDW] ferritin, hepcidin, ferroportion and hephaestin

Controls Crohn’s Disease Ulcerative Colitis | p-value CD vs Cont | p-value UC vs Cont
Hemoglobin, g/dL 149+1.4 12.7+2.6* 12.4+2.5* <0.001 <0.001
RDW, % 13.5+1.0 15.7£2.4* 15.9+2.5* <0.001 <0.001
Ferritin, ng/mL 84.0+73.2 54.3+£51.7* 44.1+61.2 * 0.032 0.005
Hepcidin, ng/mL 10.5£2.8 49.5423.5* 41.2422.7* <0.001 <0.001
Ferroportin, pg/mL 167.6+31.1 246.3£14.9* 246.8+15.9 <0.001 <0.001
Hephaestin, ng/mL 0.18+0.03 0.41+0.04* 0.394+0.04 * <0.001 <0.001

Abbreviations: RDW; Red blood cell distribution width, CD; Crohn’s disease, UC; Ulcerative Colitis.
Detection ranges: Hepcidin; 12.5 ng/ml -400ng/ ml., Ferroportin; 23.5 pg/ml-1500 pg/ml and Hephaestin; 0.312 ng/ml-29 ng/ ml.

Summary statistics expressed as mean =+ standard deviation.

*Values of CD patients are significantly different than controls (p < 0.05, Welch t-test).
+Values of UC patients are significantly different than controls (p < 0.05, Welch t-test).



4.3. Subgroup Analysis According to Anemia and Disease Ac-
tivity

Based on the previous results, subgroup evaluations were conducted
to investigate why these iron binding proteins were elevated in the
patient groups, whether this was due to iron deficiency or ongoing
inflammation. Table 3 and subtables show comparisons of the IRP
levels according to anemia (3a) and disease activity (3b-1.3b-2). Ferri-
tin was used as a marker for both anemia and inflammatory response

in the study.
4.4. Compatrisons in Anemic/Nonanemic Groups

In the study, 47.8% (20/42) of Crohn’s and 48% (28/58) of patients
with UC were found to be anemic. The mean Hb, RDW, Hepc, Fpn
and Heph levels of the anemic patients with CD were significantly
different than the controls. There was no statistically significant dif-
ference between the anemic patients with CD and controls in terms
of ferritin. The results for nonanemic Crohn’s patients were similar
except the Hb and ferritin levels. (Table 3a). There were significant

differences between the anemic UC patients and controls in terms of
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all six parameters. (Table 3a). The results for nonanemic UC patients

were similar except the Hb levels.

4.5. Comparisons in Active/Inactive Groups, according to

Scoring System

There were significant differences between the active CD patients
and controls in terms of all the parameters except ferritin levels. The
same result applies for the active UC patients. There was a significant
difference between the inactive CD patients and controls in terms of
all six parameters. The same result applies for inactive UC patients.

(Table 3b-1).

4.6. Comparisons in Active/Inactive Groups, According to
CRP Levels

The disease is considered active if the CRP level is 20.5; 67 %
(28/42) of Crohn’s and 41% (24/58) of patients with UC were in
active stage. The results were very similar to comparisons in regu-
lar activity groups (Table 3b-1) except for the comparison between
CRP-inactive CD patients and controls in terms of Hb. There was
no significant difference between CRP-inactive UC patients and con-
trols. (Table 3b-2).

Table 3a: Comparison of anemic and nonanemic Crohn’s and UC patients with controls in terms of hemoglobin, RDW, ferritin, hepcidin, ferroportion

and hephaestin
Controls Crohn’s Disease Ulcerative Colitis p-value CD vs p-value UC vs
Cont Cont
o e T e M -
RDW.% | poinemie | 510 | 145y 1e 14605 0017 Z0.001
Femitinngml. | JORC G [8402 | S5lhiee | $Vises | oou 0055
Hopedin,ngml | WC 10528 50050 |aais | oo Z0.001
Fetoportn, pyrml. | Wil i | 162650L1 | basiinse | swocler- | ool Z0.001
e gl oo | 000 | o | ot | oo

Summary statistics expressed as mean T standard deviation.

*Values of CD patients are significantly different than controls (p < 0.05, Welch t-test).

+Values of UC patients are significantly different than controls (p < 0.05, Welch t-test).

Table 3b—1: Compatison of active/inactive Crohn’s and UC patients with controls in terms of hemoglobin, RDW, ferritin, hepcidin, ferroportion and hep-

haestin according to scoring system.

Controls Crohn’s Disease | Ulcerative Colitis | p-value CD vs Cont p-value UC vs Cont
QR v ORI s e S i
e [we s | loe | Tzmis | o oo
e |0 [wona G607 |mome | o1,
RS i TR b A o
Femporio e/l | 190 | wiazans | SRgies | Soagy | oo a0
eghin o/ml._| S | omzons | RS0 | 0sotot | o o

Summary statistics expressed as mean * standard deviation.

*Values of CD patients are significantly different than controls (p < 0.05, Welch t-test).

+ Values of UC patients are significantly different than controls (p < 0.05, Welch t-test).
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Table 3b-2: Comparison of active/inactive Crohn’s and UC patients with controls in terms of hemoglobin, RDW; fertitin, hepcidin, ferroportin and hep-

haestin according to CRP levels.

Controls Crohn’s Disease | Ulcerative Colitis | p-value CD vs Cont | p-value UC vs Cont

CRP-active 12.0+£2.5% 11.1+£2.7* <0.001 <0.001
Hemoglobin, g/dL 149+1.4

CRP-inactive 14.0+£2.2 13.3£1.9* 0.171 <0.001

CRP-active 16.0+£2.3* +3 3+ <0.001 <0.001
RDW, % ) ) 13.5+1.0 17.0 3'3+

CRP-inactive 15.0+2.5% 15.2+1.4 0.039 <0.001

CRP-active 56.8+55.3 66.1+£81.2 0.078 0.372
Ferritin, ng/mL o 84.0+£73.2

CRP-inactive 49.4+44 9* 28.6+35.8 * 0.04 <0.001

CRP-active 50.4+£25.4* 51.8£29.5 <0.001 <0.001
Hepcidin, ng/mL 10.5+£2.8

CRP-inactive 47.8+19.9* 33.8+£12.0 * <0.001 <0.001

CRP-active 243.8+15.8* 251.6+13.8 " <0.001 <0.001
Ferroportin, g/mL 167.6+31.1

CRP-inactive 251.1+12.2% 243.5+16.7 * <0.001 <0.001

CRP-active 0.41+0.03* 0.40+0.03 * <0.001 <0.001
Hephaestin, g/mL 0.18+0.03

CRP-inactive 0.41+0.04* 0.39+0.04 * <0.001 <0.001

Summary statistics expressed as mean * standard deviation.

*Values of CD patients are significantly different than controls (p < 0.05, Welch t-test).
+Values of UC patients are significantly different than controls (p < 0.05, Welch t-test).

4.5. Correlations between CRP and other six parameters in
terms of IRPs

The elevation of IRPs even in the nonanemic status (Table 3a) sug-
gested that some IRPs may increase in response to inflammation.
Therefore, we looked at the correlation between the IRPs and the
acute phase reactant in the study. In Table 4, the correlation coeffi-
cients between log (CRP) and Hb, RDW ferritin, Hepc, Fpn, Heph
were given for different groups. In order to obtain a better linear re-
lationship, log transformation was applied on CRP values. According
to these results in the control group, none of the parameters were
correlated with CRP.

In the patient group (CD and UC together), CRP was not correlated
with Fpn. There was correlation between CRP and other five param-
eters. Hb was negatively correlated (r=-0.30, p=0.003), (Figure 1). In
the anemic group of which 72.9 % had active disease (according to
CRP) and there were positive correlations between CRP with ferri-
tin (r=0.57, p<0.001), Hepc (t=0.41, p=0.005) and Heph (+=0.32,
p=0.027). In the nonanemic patients (32.6% had active diseases),
there were correlations only between CRP with ferritin (r=0.29,
p=0.036) and Hepc (+=0.35, p=0.012). In the active and CRP-ac-
tive (67% of them were anemic) groups, there were correlations only
between CRP with ferritin (Figure 2a) and Hepc (Figure 2b). In the
inactive and CRP-inactive (27% were anemic) groups, none of the

parameters were correlated with CRP (Table 4).

Table 4: Pearson correlation coefficient between log transformed CRP values and hemoglobin, RDW; ferritin, hepcidin, ferroportion and hephaestin.

log(CRP) Hephaestin Hemoglobin RDW Ferritin Hepcidin Ferroportin
. - ' -0.30 * 0.28 * 038 * 0.34 * 0.02 0.21 *
All Patients (n=100) p-value 0.003 0.004 <0.001 | <0.001 | 0.818 0.038
B r 0.16 0.16 20.06 0.14 023 20.08
Controls (n=44) p-value 0.34 0.341 0.713 0.383 0.16 0.591
Ancrmios (u48) r -0.02 0.1 0.57 * 041 * 2021 0.32*
p-value 0.887 0.511 <0.001 | 0.005 0.148 0.027
Nonanornics (2=52) ' -0.01 0.06 029 * 035 * 0.24 0.14
p-value 0.97 0.676 0.036 0.012 0.091 0.331
e r 0.08 0.1 0.44 * 035 * 0.16 0.15
Actives™ (n=49) p-value 0.59 0.485 0.002 0.015 0.26 0.295
e r -0.08 -0.09 0.1 0.22 0.17 0.13
Inactives™ (n=31) p-value 0.585 0.549 0.428 0.116 0.241 0.369
._ r 0.08 0.12 0.54 029 * 0.18 021
CRP-actives (n=52) p-value 0.577 0.394 <0.001 | 0.038 0.213 0.146
o r -0.01 0.08 -0.11 0.04 0.13 0.04
CRP-inactives (n=483) p-value 0.983 0.594 0.452 0.778 0.379 0.803

*Statistically significant (p-value < 0.05, Pearson’s Correlation Analysis).

**According to scoring system. r: Correlation coefficient.



Figure 1: The correlation between CRP and hemoglobin levels in IBD (CD
and UC) patients.

There is a negative correlation between CRP and hemoglobin in IBD patients
Statistically significant; p-value < 0.05, Pearson’s Correlation Analysis. r;

Cortrelation coefficient.

Figure 2a: The correlation between CRP and ferritin levels in active IBD
(CD and UC) patients.

There was a positive correlation between CRP and ferritin levels in active
IBD patients defined by CRP.

Statistically significant; p-value < 0.05, Pearson’s Correlation Analysis. 1;

Cortrelation coefficient.

Figure 2b: The correlation between CRP and hepcidin levels in active IBD
(CD and UC) patients.

There was a positive correlation between CRP and hepcidin levels in active
IBD patients defined by CRP.

Statistically significant; p-value < 0.05, Pearson’s Correlation Analysis. 1;

Correlation coefficient.
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5. Discussion

One of the most frequent extra-intestinal manifestation of IBD is
anemia [1,22,23] which is associated with adverse consequences in
terms of the life quality and cognitive functions of patients [24]. It
is also necessary to make the right decision in the treatment of these
patients and to avoid the excessive loading of iron. Recent studies
have focused on the diagnosis, treatment and pathophysiology of
anemia in IBD, while only few studies have examined the serum
levels of Hepc, which is potentially involved in the mechanisms of
IBD-associated anemia. Except for tissue studies, serum levels of
Fpn and Heph were not evaluated in IBD patients in this subject.
Therefore, to our knowledge, our study is the first of its kind, since
it involves simultaneous serum measurements of IRPs, which have

roles in iron metabolism, in IBD patients.
5.1. Which type of anemia was detected?

Both IBD groups had significantly lower Hb, MCV, albumin, serum

iron, and transferrin saturation and significantly higher RDW, WBC,
PLT, CRP, and ESR as compared to controls, while the two IBD
groups were not significantly different in terms of these parameters.
Howevet, only the CRP, transferrin saturation, Hb and RDW values
were out of the reference limits in the patients. In terms of TIBC
no significant difference was found between the three groups and
all were in normal limits. Based on the results, inflammation induced
anemia was more diagnostic for these patients. On the other hand,
due to lower saturation and iron, we cannot exclude mixed type ane-
mia (IDA and ACD). Also we suggest that UC patients were more
prone to IDA compared to Crohn’s, because of lower ferritin and
CRP. Low folate level can be explained by proximal involvement of
CD in this study.

5.2. What were the response of IRPs and ferritin?

In the present study, as reported in detail; all three IRP levels were
found significantly higher in IBD patients compared to healthy con-
trols, while there was no significant difference between CD and UC
patients in this regard. In contrast to ferritin, the results were similar
in these three markers for anemic and nonanemic or disease active
or nonactive patients. However, ferritin in the active group was not
statistically different from the controls and expected decline in the
anemics was not observed. This was more pronounced on CD with
higher CRP. As seen in the results, the disease was active in more
than two-thirds of the anemics and suggested that increased ferritin
and Hepc were caused by inflammation. The positive correlation of
CRP with these two markers in the actives supported these findings.
In contrast to Ferritin and Hepc, Heph showed only a weak correla-
tion with CRP in the anemics, whereas Fpn was not affected by this
condition. In other words, Heph and Fpn were more relevant with

the iron deficiency or less affected by inflammation.
5.3. How these proteins functioning in IBD?

According to studies, intestinal enterocytes have important regula-

tory functions in the process of iron absorption [25]. Ferrous iron
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(Fe+2) enters circulation via a transmembrane protein known as Fpn
that is located in the basolateral site of the enterocyte and that is
responsible for the extracellular transport of intracellular iron. Heph
converts ferrous iron (Fe+2) to ferric iron (Fe+3) mediating the en-
try of iron from intestinal enterocytes to circulation in close collab-
oration with Fpn, and allowing iron transport after binding to trans-
ferrin. High dietary iron intake and presence of adequate iron stores
within the enterocytes are associated with reduced protein synthesis
of Fpn as well as Heph, leading to decreased iron absorption into
circulation from enterocytes. Conversely, low dietary iron intake and
depleted enterocyte iron stores causes increased synthesis of these
two proteins, hence increased absorption of iron into the circula-
tion, as shown previously [8]. The increase in Fpn and Heph in the
IBD patients can be attributed to impaired iron absorption caused by
chronic enterocytes injury. Inadequate iron intake and intestinal loss

may also an additional cause for these patients.

How about Hepcidine ? Hepc controls the entry of iron into blood
by inhibiting iron absorption at small intestine and iron release from
macrophages through its effects on Fpn [26,27]. Due to inflamma-
tion, Hepc levels are elevated causing impairment of intestinal baso-
lateral iron transport in patients with IBD. Since Fpn is suppressed
by inflammation, oral iron supplementation may fail to suffice and
even be contraindicated. Therefore, newer management approaches
involving the use of iron and erythropoietin have been developed in
IBD. [28,29].

Despite the increase in Hepc in the study, Fpn and Heph showed 1.5
to 2 fold increase in the control group. This can be explained by the
mixed type of anemia or misleading of Hepc in inflammatory diseas-
es. Compared to the controls, the patients’s lower iron status (50%
lower, but remained in normal limits) supports these explanations.
Therefore, Hepc, such as ferritin, thought to be elevated secondary

to inflammation in these patients.
5.4. What are the Results of Other Studies?

In a study by Semrin et al. [30] comparing 19 pediatric patients with
active CD vs. inactive cases, the former group was found to have de-
creased oral absorption of iron, increased urinary Hepc, and elevated
inflammatory markers. Decreased oral iron absorption exhibited a
strong inverse correlation with utinary Hepc and serum inflammato-
ry markers, while a positive correlation was reported between urinary
Hepc and inflammation. Similar results were reported by Martinel-
li [16] et al. They found significantly higher levels of serum Hepc
measured by spectrometry among 50 pediatric IBD patients as com-
pared to 45 patients with coeliac disease and 50 controls.

Oustamanolakis P. et al. [15] also found significantly higher serum
Hepc levels measured with ELISA in a total of 100 patients with
IBD (49 UC and 51 CD) as compared to 102 healthy control sub-
jects, with a positive correlation between elevated serum Hepc levels

and ferritin as well as disease activity.

In a study by Arnold et al. [17] involving 61 patients with IBD and
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25 healthy controls, serum Hepc levels determined by radioimmu-
noassay were significantly lower among IBD patients and correlated
positively with IL-6 levels. In the study anemic patients with normal
ferritin but low serum iron were classified as having anemia of in-
flammation. Unlike the others, bioactive Hepc-25 was measured in
this study. Except this study [17], our results were consistent with
other published reports in terms of increased serum Hepc levels and
positive correlation with disease activity. If bioactive form had meas-
ured it would likely to be low, which may be another explanation of

increasing Fpn and Heph in our study.

As we mentioned before, mostly Fpn and Heph studies were done
at the tissue level. In a mice model, increased expression of Fpn
and Heph mRNA was found in the small intestine of iron deficient
animals as compared to controls [8]. Similarly, Barisani et al. reported
increased Fpn and Heph levels in duodenal mucosal biopsy samples

in Celiac patients with iron deficiency anemia [31].

Burpee et al. [32] also reported increased Fpn protein in the duode-
nal mucosal biopsy samples among anemic patients than in non-ane-
mic patients among a cohort of 19 pediatric CD cases. Sukumaran et
al. examined the expression of iron-related proteins in patients with
inflammatory conditions (UC, CD and rheumatoid arthritis) versus

healthy controls in duodenal mucosa [33].

In the group of patients with inflammatory diseases, gene expression
of Heph was significantly higher than those in the control subjects in
the duodenum; however, the difference in Fpn gene expression did
not reach statistical significance. In the subgroups of patients with
UC and CD, both Fpn and Heph gene expressions were upregulated
in the duodenal mucosa. In addition, in patients with UC, the protein
expression of Fpn in the duodenal mucosa was significantly higher.
Those investigators also examined serum Hepc levels in a subgroup
of UC and control patients with available serum samples, and found
lower serum Hepc in UC patients than controls. As in Arnold et al’s
study [17], the bioactive form was measured and found to be low
[33]. These latter studies are favored by increased Fpn and Heph
secretion at the mucosal level in both iron deficiency and IBD pa-
tients. We obtained similar results in serum. This suggests that the
measurements of Fpn, perhaps Heph, in serum are sufficient for

clinical decision.
5.5. Future Therapies Targeting IRPs

As was emphasized in the literature, Hepc levels have been shown to
be lower in patients with ACD who had concurrent iron deficiency
than in those with ACD without ID [34]. As well known, Hepc is
the key regulator of iron, and high Hepc levels cause iron blockade
and anemia in chronic disease. Currently, new medications targeting
Hepc is at the developing stage. Hepc antagonists may prove useful
and provide advantages in the future in patients not responding to
erythropoietin [35]. Also recent studies show that blockade of TNF
could rescue anemia and provides a therapeutic approach in the man-
agement of anemia in IBD [306]. Future studies should ideally include

more specific assays about IRPs. This will help to treat the anemia
8



correctly and will keep IBD patients from unnecessary iron overload.

Our study demonstrated that the patients had mixed type anemia in
which weighted ACD, also directly related to disease activity. Hepc,
Fpn and Heph found increased regardless of anemia or disease ac-
tivity. Like ferritin, the increase in Hepc pretended secondary to in-
flammation, which correlated with CRP. Heph and Fpn seemed more

relevant with iron deficiency and less effected by inflammation.

In conclusion; Ferritin and Hepc appear to be misleading in deter-
mining anemia type in active IBDs. To diagnosis of pure anemia,
measurement of Hepc using more sensitive methods will be impor-
tant in treatment decision. Fpn and Heph are clinically less important

in IBD cases, since they vary depending on Hepc.
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