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Abstract

Background Iron deficiency (ID) frequently complicates inflammatory-mediated chronic disorders, irrespective of anaemia.
Psoriasis is a chronic, immune-mediated skin disease with systemic pro-inflammatory activation; thus, these patients may
be prone to develop ID. ID adversely affects immune cells function, which can further contribute to disease progression. This
study investigates iron status in psoriasis.

Methods Serum concentrations of ferritin, transferrin saturation (Tsat), soluble transferrin receptor (sTfR), and hepcidin
were assessed as the biomarkers of iron status in 39 patients with psoriasis (17 men, age: 47 £ 10 years) and 44 healthy sub-
jects (30 men, age: 53 6 years).

Results Compared with healthy controls, patients with psoriasis demonstrated similar haematologic status but deranged
iron status as evidenced by decreased Tsat and elevated sTfR (negative tissue iron balance) and low levels of hepcidin
(depleted iron stores) (all P < 0.05 vs. controls). In patients, the levels of interleukin-6 (level of pro-inflammatory activation)
significantly correlated with hepcidin (R =0.54), but not with ferritin, Tsat, and sTfR. Biomarkers reflecting ID were not associ-
ated with the severity of the disease (assessed with the Psoriasis Area and Severity Index) but significantly correlated low body
mass index (BMI). Patients with BMI < 24 kg/m? compared with those with BMI>24 kg/m? demonstrated lower levels of
ferritin (40£30 vs. 186+ 128 ng/mL, P < 0.001) and hepcidin (4.9+2.3 vs. 10.7 6.7 ng/mL, P=0.03).

Conclusion Psoriasis is associated with deranged iron status characterized by depleted iron stores with concomitant unmet
cellular iron requirements. The magnitude of these abnormalities is particularly strong in patients with low body mass index.
Whether iron deficiency may become a therapeutic target in psoriasis needs to be investigated.
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Psoriasis is one of the most common chronic diseases of
the skin affecting up to 2% of the general population.™?
Psoriasis is a complex condition, with not yet fully under-
stood pathophysiology, recently viewed as extending far
beyond the skin-deep with numerous generalized abnormal-
ities among which autoimmune mechanisms and pro-
inflammatory activation seem to play a crucial role.*™
Clinical picture of the disease is a consequence of inade-
guate immune response directed against autoantigens with
concomitant inflammatory reactions and changes affecting
not only the skin but also numerous body organs and
tissues. >

In recent years, there is growing interest in the role of
iron status as a fundamental factor modifying the function-
ing of immune cells involved in innate immune response.®’
This immune mechanism (along with a modulating role of
iron) is considered as an important pathophysiological ele-
ment of chronic inflammatory diseases (e.g.chronic kidney
disease and rheumatoid arthritis). On the other hand,
chronic inflammatory diseases are often associated with de-
ranged iron status reflecting iron deficiency (ID).®° The
major underlying mechanism here is linked with overex-
pression of hepcidin due to pro-inflammatory cytokines
with subsequent development of functional ID (reflecting

© 2015 The Authors. Journal of Cachexia, Sarcopenia and Muscle published by John Wiley & Sons Ltd on behalf of the Society of Sarcopenia, Cachexia and Wasting Disorders
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


http://creativecommons.org/licenses/by-nc-nd/4.0/

Deranged iron status in psoriasis

359

inadequate iron supply to meet the demand despite normal
body iron stores, because iron is trapped inside cells of the
reticuloendothelial system and is unavailable for cellular
metabolism). %

All these premises seem to place iron metabolism in the
centre of the pathophysiological relationships underlying
psoriasis. Surprisingly, iron status has never been comprehen-
sively investigated in these patients. There are only few small
observational studies,®>™> which in fact have not investi-
gated iron status itself, but rather anaemia in the context of
potentially concomitant iron deficiency.***> Moreover, the
authors have used standard biomarkers of iron status (iron,
ferritin, and transferrin saturation),** which although used
in clinical practice, have several significant limitations in their
interpretation when diagnosing iron status in the presence of
inflammation.

Therefore, we aimed to investigate iron status among pa-
tients with psoriasis using both standard and novel bio-
markers of iron status (hepcidin and soluble transferrin
receptor) and relate these measures with the severity of
the disease, the magnitude of pro-inflammatory activation,
and the presence of extra-cutaneous complications (including
psoriatic arthritis and low body weight), in comparison with
healthy controls.

Material and methods
Study cohort

Thirty-nine patients with plaque-type psoriasis (17 men, age:
47 £ 10vyears) were recruited for the study at the Department
of Dermatology, Venereology, and Allergology, Wroclaw Med-
ical University, Poland. Exclusion criteria included: (i) any
acute or chronic illness that might influence iron metabolism
(including known malignancy, infection, severe chronic kidney
disease requiring dialysis, chronic cardiovascular diseases,
and haematological diseases) and (ii) any treatment for anae-
mia or ID in the previous 12 months. All patients received
standard management for psoriasis; severity of the disease
was assessed with Psoriasis Area and Severity Index (PASI).>?
Psoriatic arthritis was diagnosed according to the standard
criteria.>*® Low body weight was defined as body mass index
(BMI) below 24 kg/m?. Clinical characteristics of patients re-
cruited for the study are presented in Table 1.

Forty-four healthy subjects (30 men, age: 53 *6years)
were recruited among volunteers, relatives, and colleagues
of the staff or patients at the Centre for Heart Diseases, Mil-
itary Hospital, Wroctaw, Poland. The criteria for healthy sub-
jects to be included in the study were the following: age
>18years, normal cardiovascular status, absence of any acute
(during the previous 6 months) or chronic (at any time in the
past) illness, and related therapy.

Table 1 Baseline characteristics of patients with psoriasis and healthy
subjects

Patients with Healthy subjects

psoriasis (n = 39) (n = 44)
Gender, men % 44 68
Age, years 47 =10 54 +6
Weight, kg 80+17 80+16
Height, m 1.70 £ 0.08 1.72 +£0.09
BMI, kg/m? 28.0+5.7 26.7 +3.9
PASI, 93+4.4
Systemic treatment, % 38
Psoriatic arthritis, % 28

Data are presented as mean =+ standard deviation or percentage.
BMI, body mass index; PASI, Psoriasis Area and Severity Index.

The study protocol was approved by the local ethics com-
mittee, and all subjects gave written informed consent. The
study was conducted in accordance with the Declaration of
Helsinki.

Haematological parameters, indices of iron status,
and other laboratory measurements assessed in
peripheral blood

In all patients and control subjects, venous blood samples
were taken in the morning following an overnight fast and af-
ter at least 15 min of supine rest. Haematological measure-
ments were made in fresh venous blood with EDTA and
clotted blood. After centrifuging, the plasma and serum were
collected and frozen at —70°C until further laboratory
analyses.

The following haematinics were measured using an auto-
matic system ADVIA 120 (Siemens, Healthcare Diagnostics,
Deerfield, IL, USA): haemoglobin concentration (g/dL),
haematocrit (%), red blood cells (T/L), mean corpuscular vol-
ume (fL), mean corpuscular haemoglobin (pg), and mean cor-
puscular haemoglobin concentration (g/L). Anaemia was
defined as haemoglobin level <12g/dL in women and
<13g/dL in men.t’

The following standard blood biomarkers reflecting iron
metabolism were measured directly: serum concentrations
of ferritin (ug/L), iron (ug/dL), and total iron binding capac-
ity (TIBC, pg/dL). Transferrin saturation (Tsat) was calcu-
lated as the ratio of serum iron (ug/dL) and TIBC (ug/dL)
multiplied by 100 and expressed as a percentage. Serum
ferritin was measured using an immunoassay based on
electrochemiluminescence with the Elecsys 2010 System
(Roche Diagnostics GmbH, Mannheim, Germany). Serum
iron and TIBC were assessed using a substrate method with
Feren S (Thermo Fisher Scientific, Waltham, MA, USA). Cir-
culating iron bound to transferrin (expressed as Tsat) re-
flects the amount of iron available to metabolizing
cells.>*®° The interpretation of circulating ferritin levels
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should always take into account its dual physiological role
as the major iron storage molecule and as the acute phase
protein, which expression is increased in response to in-
flammatory stimuli, regardless of the amount of stored
iron, 21819

Serum soluble transferrin receptor (sTfR, mg/L) was mea-
sured using immunonephelometry (Siemens Healthcare Diag-
nostics Inc., Deerfield, Illinois, USA). Increased circulating sTfR
(originating from all cells metabolizing iron) is a sensitive indi-
cator of ID and quantitatively reflects tissue iron demand
along with the erythroid proliferation rate, but not body iron
stores.?%?*

Serum hepcidin (ng/mL) was measured using a commer-
cially available enzyme-linked immunosorbent assay (ELISA)
(BACHEM). This ELISA method was validated with a gold stan-
dard for hepcidin assessment, namely liquid chromatography
mass spectrometry developed at King’s College London,
confirming a strong correlation between the measurements
performed using the liquid chromatography mass spectrome-
try and the BACHEM assay in patients with chronic kidney
diseases and healthy subjects.?? Increased serum hepcidin
may be due to either inflammation or/and excessive iron
stores'**3; low-circulating hepcidin reflects specifically de-
pleted body iron stores with or without concomitant
anaemia; the lower the hepcidin, the more profoundly de-
pleted iron stores in patients with chronic diseases.?*?*

In this study, we also used the definition of ID applied in
previous studies in patients with chronic diseases®?>?* based
on serum ferritin and Tsat (serum ferritin < 100 mg/L, or se-
rum ferritin 100-299 mg/L with Tsat <20%) in additional
analyses.

Serum level of interleukin 6 (IL-6, pg/mL) was measured
using a commercially available ELISA (R&D Systems, Minneap-
olis, Minnesota, USA). Estimated glomerular filtration rate
(mL/min/1.73 m?) was calculated using the Modification of
Diet in Renal Disease equation.*®

Statistical analysis

The normality of the distributions of continuous variables
was tested using the Kolmogorov—-Smirnov test. Continuous
variables with a normal distribution were expressed as means
with standard deviations. The remaining continuous variables
with a skewed distribution were expressed as medians with
upper and lower quartiles. For further analyses, these vari-
ables were log-transformed in order to normalize their distri-
bution. The categorical variables were expressed as numbers
with percentages. The statistical significance of differences
between the groups was tested using Student’s t-test,
Mann-Whitney U test, or the XZ test, where appropriate.
The associations between variables were assessed using the
Spearman rank correlatory coefficients. All statistical analyses
were performed with Statistica 10 (Statsoft, Tulsa, OK, USA).
A value of P <0.05 was considered statistically significant.

Results

Baseline clinical characteristics of patients with psoriasis and
control subjects are shown in Table 1. Patients were younger
than controls (mean: 47 vs. 54 years). Clinical severity of the
disease was evaluated with the PASI, with baseline ranging
from 2.1 to 19.8 (mean: 9.3+4.4); 11 (28%) patients had
psoriatic arthritis, and 15 (38%) received systemic treatment
of the disease.

Iron status in patients with psoriasis and healthy
controls

Compared with healthy controls, patients with psoriasis had
similar haematinics (haemoglobin and haematocrit), slightly
bigger mean corpuscular volume, and trends towards lower
red blood count and mean corpuscular haemoglobin concen-
tration (Table 2). Only two (5%) patients had mild anaemia
(haemoglobin levels 9.9 and 11.9 g/dL, respectively).

There was no difference in the ferritin levels between
groups, but patients demonstrated significantly lower Tsat
(P < 0.001), elevated TIBC (P < 0.001) and sTfR levels (p=0.01),
and markedly decreased hepcidin levels (P < 0.0001)
(Table 2).

Applying the definition of ID used in the previous studies
in chronic diseases (based on serum ferritin and Tsat—see
the Material and Methods section), 20 (51%) patients with
psoriasis fulfilled this definition.

None of the iron-related biomarkers correlated with the
severity of the disease assessed with PASI (P> 0.1 for all
correlatory coefficients). Also, patients receiving systemic
treatment for psoriasis did not differ from not-treated pa-
tients in iron-related biomarkers (P> 0.1 in all comparisons).

Patients with psoriasis presented only slightly elevated levels
of IL-6: mean 4.1%6.2pg/mL, range 0-19pg/mL. Among
iron-related biomarkers, hepcidin (R=0.54, P<0.001) and
ferritin (R=0.44, P=0.001) significantly correlated with levels
of IL-6.

Eleven (28%) patients had psoriatic arthritis complicating
the natural course of the disease, and they demonstrated el-
evated levels of IL-6 (6.3+5.6 vs. 2.4+5.4pg/mL, patients
with vs. without psoriatic arthritis, respectively, P < 0.05).
Neither haematologic parameters nor iron-related bio-
markers were different between patients with and without
psoriatic arthritis (P> 0.2 in all comparisons).

Iron status in patients with low body mass index

Body mass index significantly correlated with ferritin (R=0.61,
P<0.001) and hepcidin (R=0.51, P=0.005) levels. Eleven
(28%) patients had low BMI (i.e.BMI < 24 kg/m?). Compared
with patients with BMI> 24 kg/m?, lean patients demonstrated
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Table 2 Comparison of haematological parameters, iron status biomarkers, and other laboratory parameters between healthy subjects and patients

with psoriasis

Healthy subjects (n = 44) Patients with psoriasis (n = 39) P

Haematological parameters

Haemoglobin, g/dL 14.4+1.2 14.1+1.2 0.27

Haematocrit, % 42.5+3.3 425+3.0 0.50

RBC count, T/L 48+0.4 47 +0.4 0.07

Mcv, fL 88.2 +3.2 90.2 +5.0 0.04

MCH, pg 29.9+1.3 30.3+1.9 0.21

MCHC, g/dL 33.9+1.1 33.5+1.1 0.06
Iron status biomarkers

Ferritin, ng/mL 138 (82; 218) 133 (52; 231) 0.45

Iron, pg/dL 124 £ 35 119 £50 0.29

TIBC, pg/dL 293 +£44 365 + 38 <0.001

Tsat, % 43 + 11 33+14 <0.001

sTfR, mg/L 1.04 (0.94; 1.16) 1.18 (1.01; 1.42) 0.01

Hepcidin, ng/mL 36.1 (27.6; 50.1) 7.1 (3.5; 14.3) <0.001
Other laboratory parameters

IL-6, pg/mL 41+6.2

Creatinine, ng/dL 0.9+0.2 0.9+0.1 0.96

eGFR, ml/min/1.73 m? 91.7 +£20.8 88.2+18.5 0.45

Data are presented as mean + standard deviation or median with lower and upper quartiles were appropriate; P values for between-
group comparison using Mann-Whitney U test were presented.

eGFR, estimated glomerular filtration rate; IL-6, interleukin 6; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular
haemoglobin concentration TIBC, total iron binding capacity; MCV, mean corpuscular volume; RBC, red blood cells; sTfR, soluble transfer-

rin receptor; Tsat, transferrin saturation;

markedly deranged iron status reflecting iron deficiency—it
was evidenced by the following: low levels of ferritin
(P<0.001) and hepcidin (P=0.03) and strong trend towards
low Tsat (P=0.06) and elevated sTfR (P=0.06) (Table 3).

Applying definition of ID based on serum ferritin and Tsat
(see the Material and Methods section), 9 (82%) patients
with low BMI had ID vs. 11 (39%) with BMI>24kg/m?
(P=0.02) (Figure 1).

Discussion

The major novel findings of this study are the following: (i)
patients with psoriasis demonstrated deranged iron status,
which can be characterized by decreased transferrin satura-
tion and elevated sTfR (both reflecting negative tissue iron
balance) and low levels of hepcidin (reflecting depleted iron

Figure 1 Prevalence of iron deficiency defined as serum ferritin
<100 mg/L, or serum ferritin 100-299 mg/L with Tsat <20% in the whole
group of patients with psoriasis and comparison between patients with
body mass index (BMI) <24 vs. >24 kg/m”.

Prevalence of
iron deficiency

=0.02
100% P

82%

80%

60%

40%

20%

0,
0% Patients with psoriasis
BMI <24 kg/m? BMI 224 kg/m?

All patients
with psoriasis

Table 3 Comparison of iron status biomarkers between psoriatic patients with body mass index <24 and >24.0 kg/m2

Patients with BMI < 24 kg/m® (n = 11) Patients with BMI>24 kg/m” (n = 28) P
Ferritin, ng/mL 40 (13; 52) 160 (75; 263) <0.001
Iron, pg/dL 100 =45 128 £ 55 0.09
TIBC, pg/dL 371+32 357 * 42 0.30
Tsat, % 27 12 36+15 0.06
TR, mg/L 1.45 (1.11; 1.79) 1.15 (0.95; 1.31) 0.06
Hepcidin, ng/mL 6.0 (3.0; 6.4) 10.7 (5.1; 16.4) 0.03

Data are presented as mean =+ standard deviation or median with lower and upper quartiles where appropriate; P values for between-

group comparison using Mann-Whitney U test were presented.

TIBC, total iron binding capacity; Tsat, transferrin saturation; sTfR, soluble transferrin receptor.
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stores), and such composition of iron-related biomarkers are
typical for iron deficiency; and (ii) iron deficiency in psoriatic
patients was not related to severity of the disease, but pre-
dominantly determined by patients low body mass index.
This point is interesting, because no treatment is currently
available for cachexia, that is, involuntary weight loss or
a-priori-low body weight,?®?” but also, nutrition and rehabili-
tation offer only few advances at this stage.?®?° Nevertheless,
there are some promising new developments,>** and many
new experimental therapies are in development.?

Psoriasis represents an autoimmune disease where pri-
mary abnormalities are seen within the skin. However, there
is increasing evidence that skin lesions constitute an element
of a complex syndrome, and concomitant extra-cutaneous
pathologies are crucial (if not critical) for disease progression,
quality of life, and prognosis of these patients.>**° Impaired
immune response is accompanied by marked inflammatory
reaction with concomitant systemic pro-inflammatory milieu
observed in patients with psoriasis.*

Only recently, there is growing interest in iron status in
chronic, immune-mediated disorders. However, in contrast
to previous reports focusing mainly on potentially deleterious
effects of iron overload and linking pathophysiology of sev-
eral chronic diseases to iron excess,>>3* there is now mount-
ing evidence placing iron deficiency with subsequent clinical
consequences as the key abnormality of such diseases.®%2324
It has been demonstrated that deranged iron status is a fun-
damental element underlying dysfunction of immune cells
involved in innate immune response (monocytes and deri-
vates).®” Interestingly, both innate immune response and
processes of iron metabolism (as well as an interplay be-
tween them) belong to evolutionary conservative mecha-
nisms, which as they tackle critically important for survival
processes, have remained virtually unchanged during the
phylogenesis. Additionally, patients with chronic diseases
are prone to become iron deficient as a consequence of a de-
pletion of iron stores but more frequently as a result of
impaired iron metabolism in the course of underlying inflam-
matory processes.®%*

We have hypothesized that taking into consideration un-
derlying systemic pathophysiological processes in psoriasis
this chronic entity may be characterized by markedly de-
ranged iron status. To test this, we investigated a group of pa-
tients presenting with fairly broad clinical spectrum of the
disease (including disease severity and medical management)
and applied novel biomarkers of iron status (hepcidin and sol-
uble transferrin receptors). Surprisingly, complex evaluation
of iron status has never been performed is patients with
psoriasis.

We observed that psoriatic patients frequently presented
the picture of iron deficiency. Once we applied a previous
definition of ID based on low ferritin levels and Tsat,®?* it ap-
peared that half of our population tended to have ID. How-
ever, we are aware that the approach may well not be

optimal. Serum ferritin reflects body iron stores, but either
inflammation or oxidative stress (both present in psoriasis)
may artificially increase its concentrations, regardless of ac-
tual iron status.’®'° Importantly, high circulating ferritin pro-
vides no insight about the amount of intracellular iron
available for metabolic (including energetic) needs. Tsat is a
direct measure of the circulating iron pool, but it is unclear
if this reflects the amount in peripheral tissues.*®° Thus,
we used other biomarkers—hepcidin and soluble transferrin
receptor—that we believe can better characterize iron status
in psoriasis.

Hepcidin is acknowledged as the key regulator of iron me-
tabolism. Hepcidin, upon binding to the only known cellular
iron export protein, ferroportin, results in a ferroportin deg-
radation and the blockage of cellular iron egress with a de-
crease of duodenal iron absorption and retention of iron in
the reticuloendothelial system.’®*! As a consequence, circu-
lating iron concentrations and iron availability to target tis-
sues are significantly reduced.’®* Inflammatory stimuli
(among which IL-6 is the most potent) are able to induce
the hepatic expression of hepcidin, which seems to be the
mechanism underlying the development of functional ID
and anaemia in patients with chronic inflammatory dis-
eases.®19 |nterestingly, in our study, patients with psoriasis
had markedly low levels of hepcidin. At the same time, they
demonstrated correlation between IL-6 and hepcidin levels,
which indirectly confirms intact regulatory mechanisms men-
tioned before and forms the background to believe that low
hepcidin levels reflecting depleted iron stores (absolute ID)
in patients is not related to pro-inflammatory status.

It is worthy of noting that patients with psoriasis with low
hepcidin did not demonstrate significantly impaired
haematopoiesis as assessed based on haemoglobin level
and red cell indices, which suggests that in psoriasis, depleted
iron stores occur in patients without concomitant anaemia.
Circulating hepcidin levels were very low, indicating severely
depleted iron stores.

At the same time, psoriatic patients demonstrated ele-
vated levels of sTfR that did not correlate with the presence
of anaemia nor with pro-inflammatory activation. It strongly
suggests that the major source of transferrin receptors shed
into circulation is not the erythron (as psoriatic patients had
normal haematinics), but it reflects the extra-haematopoietic
origin of circulating sTfR and unmet iron needs within non-
haematopoietic cells. We have previously reported a similar
pattern of ID is patients with heart failure that carried omi-
nous clinical consequences.?®3>

Interestingly, deranged iron status was not related to dis-
ease severity evaluated with PASI score, and also once pa-
tients receiving systemic treatment and/or those who
developed psoriatic arthritis were analysed separately. The
magnitude of changes reflecting iron deficiency was particu-
larly strong in psoriatic patients with low BMI. We did not
study cachexia in the strictest sense, which is frequent in
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many chronic diseases*®®” and associated with high costs,*®

but we observed that lean patients with psoriasis demon-
strated features of depleted iron stores (low circulating
hepcidin and ferritin) at the same time having unmet needs
for iron at the periphery (elevated levels of sTfR). Addition-
ally, the vast majority of them (>80%) had ID defined accord-
ing to the criteria used in the previous studies.’>?* This
pattern was related neither to pro-inflammatory activation
(no significant difference in IL-6 between patients with BMI
<24 and >24 kg/m>—data not shown) nor to any other clini-
cal variable we have analysed. Taking into consideration the
important role iron plays in numerous processes engaged
into pathophysiology of psoriasis, it may well be hypothe-
sized that profound ID seen in these patients may further
deteriorate clinical status, leading to disease progression.
We are not aware of any previous report linking iron
status to low body mass index in patients with chronic
disorders. Whereas there are studies showing that obese
patients develop functional ID associated with inflamma-
tory response,>>*° the high prevalence of absolute ID in
psoriatic patients is a novel and intriguing finding. Its origin
remains unclear. It may be a consequence of generalized
malnourishment, but other unclear pathomechanisms may
contribute here, and their elucidation seems to be of a partic-
ular importance.

Our study was not designed to investigate the mechanisms
that may underlie iron deficiency in psoriasis. Naturally, one
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