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Purpose: Erythroferrone (ERFE) is well acknowledged for its inhibitory function on 
hepcidin synthesis in the liver during stress erythropoiesis, thereby ensuring sufficient iron 
supply to bone marrow erythroblasts. Hepcidin plays an indispensable role in the pathogen
esis of anemia of chronic disease (ACD). Thus, ERFE was suggested to protect against ACD 
in various diseases. Rheumatoid arthritis (RA) is commonly involved with ACD and high 
hepcidin levels, with a further increase of the latter in active states. The present study is 
a case-control study that aimed to determine the pattern of ERFE expression in RA patients 
with concomitant ACD and study its relationship with hepcidin, erythropoietin (EPO) and 
disease activity.
Patients and Methods: Fifty-five RA patients with ACD were categorized into active and 
inactive RA using the disease activity score (DAS28); 15 healthy subjects were included as 
control subjects. ERFE was measured for patients and control subjects using quantitative 
real-time polymerase chain reaction, in addition to testing for CBC, ESR, CRP, iron profile 
parameters and hepcidin. EPO was assessed for patients of both active and inactive RA 
groups.
Results: ERFE and hepcidin showed the highest levels in active RA; ERFE values were 
similar in control subjects and inactive RA patients, while hepcidin was significantly higher 
in inactive RA than control subjects. Patients with high ERFE levels had higher RBC, Hct, 
MCV, hepcidin and EPO levels. Stepwise regression analysis has identified DAS28 and 
disease duration as the best predictors of ERFE values, whereas ERFE and hepcidin were 
independent predictors of disease activity.
Conclusion: We introduce ERFE as a novel marker of RA activity. Although the inhibitory 
effect of ERFE on hepcidin is not evident, our results still indicate that ERFE may have 
a beneficial erythropoietic effect in the context of ACD in RA disease activity.
Keywords: erythroferrone, rheumatoid arthritis, anemia of chronic disease, hepcidin, iron, 
DAS28

Introduction
Erythroferrone (ERFE) plays a central role in the release of stored iron during stress 
erythropoiesis, being an effective inhibitor of hepcidin synthesis by hepatocytes.1 

ERFE is a member of the tumor necrosis factor- α (TNF-α) family, encoded by 
ERFE (FAM132B) gene, and is synthesized by erythroblasts upon erythropoietin 
(EPO) stimulation.2 When ERFE is released into the circulation, it sequesters 
BMP6‒a potent inducer of hepcidin transcription‒resulting in the inactivation of 
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hepcidin signaling.3,4 The ensuing reduced hepcidin level 
results in restoration of normal intestinal iron absorption 
and iron efflux from mature iron-metabolizing macrophages 
with an accordant increased iron supply to bone marrow 
erythroblasts.5 A different aspect of the ERFE role in 
human diseases lies in its alternative source of synthesis, 
namely skeletal muscle (formerly called Myonectin).6 

Muscle ERFE is a myokine that is secreted in response to 
physical exercise and nutrients, lipids and glucose, through 
unknown myocyte mediators that may include the Akt/PI3K 
pathway.7 There is evidence for the role of muscle ERFE in 
lipid and glucose metabolism.1

Disturbance of iron transport, by the hepatic hepcidin, is 
a leading feature in anemia of inflammation/chronic disease 
(ACD).8,9 In inflammatory or chronic diseases, immune cells 
release inflammatory cytokines, among which IL6 is consid
ered to be the necessary and sufficient cytokine for hepcidin 
increase in inflammation.10 Rheumatoid arthritis (RA) is one 
of the chronic inflammatory diseases in which prolonged 
immune activation and cytokine synthesis are characteristic 
hallmarks and are largely responsible for the development of 
ACD.9,11 An added IL-6-driven increase in serum hepcidin 
was also reported in the active states of the disease.12 Hence, 
these high-hepcidin conditions in RA, whether in quiescent 
or active states, provide potentially suitable targets to be 
acted upon by ERFE.

A protective effect of ERFE against ACD was initially 
suggested in a mouse model in 2014 by Kautz et al13 and was 
confirmed in two other studies on patients with chronic 
kidney diseases (CKD).13–15 The ERFE-hepcidin-iron sce
nario in these studies was largely dependent on the EPO 
administered, whether as a part the validation process of the 
study13 or as a component of the treatment protocol.14,15 In 
this respect, the relationship between ERFE and the generally 
mild anemia of RA (where EPO is not a consistent treatment 
choice) has not been previously investigated.

In the present study, we attempted to define the pattern 
of ERFE expression in RA patients who have concomitant 
ACD. To provide more perception into the impact of ERFE 
expression, we studied the relationship between ERFE 
levels and iron parameters, hepcidin and EPO in the context 
of RA classification into active and inactive disease states.

Patients and Methods
Study Population
This is a case-control study involving 55 RA patients 
(fulfilling the EULAR/ACR criteria of 2010)16 with 

ACD, presenting in the Rheumatology and Internal 
Medicine outpatient clinic of Ain-Shams University 
Hospital. Fifteen sex- and age- matched healthy control 
subjects were also included. Patients who had iron defi
ciency as a sole cause of anemia were excluded from the 
study; they were identified by having ferritin levels less 
than 30 μg/L.9,17 Other exclusion conditions comprised 
red cell macrocytosis, concurrent renal, hepatic, endo
crine, hematological, or malignant disease, acute blood 
loss, acute or chronic infections, and receiving treatment 
for anemia in the last 3 months that may influence iron 
parameters (eg, blood transfusion or iron supplementa
tion). To avoid diurnal variation effect of iron, samples 
were collected from non-fasting patients in the morning 
(from 9:00–11:00 am). In patients who presented to the 
clinic with symptoms and signs of active disease, samples 
were collected before commencing treatment of the 
active state.

Full medical history and thorough clinical examination 
were done for all patients. RA disease activity was assessed 
using 28 tender and swollen joint count disease activity score 
(DAS28 CRP score).18 Patients were divided according to 
their DAS28 into severe, moderate, and remission disease 
activity (DAS >5.1, 3.2–5.1 and <2.6, respectively). They 
were further categorized into active and inactive RA. We 
used the 3.2 limit of DAS28 to characterize disease activity, 
ie, above this limit the patient was categorized as having active 
RA. Functional assessment of RA patients was done using 
a health assessment questionnaire (HAQ).19

RA patients received disease modifying antirheumatic 
drugs (DMARDs) to control disease activity. The majority 
of patients received methotrexate (MTX) (12.5–25mg) once 
weekly injection. Patients not tolerating MTX received leflu
nomide 20mg daily. Patients also received hydroxychloro
quine 200mg daily. Steroids were given in small doses with 
a maximum of 10mg daily for short duration as bridge 
therapy. In addition, patients received calcium, vitamin 
D and folic acid. It is worth mentioning that one of the intents 
of this study was to conduct clinical follow-up of RA patients 
after treatment to assess the control of disease activity. 
However, this follow-up is hindered by the global situation 
of the COVID-19 pandemic.

A verbal informed consent was taken from all subjects 
participating in this study. The verbal informed consent 
was approved by the local research ethical committee of 
Ain Shams University (in accordance with the Helsinki 
Declaration of 1975).
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Methods
Sera were separated by centrifugation at 1000×g for 15 min, 
and separated serum was frozen to −70° C for storage, and 
later thawed and analyzed for hepcidin and iron parameters 
in a single batch. Serum levels of hepcidin were estimated 
using a Human Hepcidin Quantikine enzyme linked immu
nosorbent assay (ELISA) kit (R&D Systems, MN, USA) 
according to the manufacturer’s protocol. Intra-assay preci
sion was 4.3%, inter-assay precision was 11%, and analytical 
sensitivity was 0.0017 ng/mL. Serum ferritin was assayed 
using the ADVIA Centaur XPT (Siemens, Germany), 
employing direct chemiluminescent two-site sandwich 
immunoassay. Iron and total iron-binding capacity (TIBC) 
levels were measured using the DxC 600 Synchron Clinical 
Systems (Beckman Coulter, Inc., Brea, CA, USA). 
Transferrin saturation (TS%) was mathematically calculated 
ðTS% ¼ Serum iron

TIBC � 100Þ. C-reactive protein (CRP) was esti
mated semi quantitatively on freshly obtained sera by latex 
agglutination and results were included in the DAS28 score.

EDTA anticoagulated samples were tested for complete 
blood count (CBC) (XN-1000 automated analyzer, 
Sysmex, Kobe, Japan). Erythrocyte sedimentation rate 
(ESR) was estimated using Westergren tube inserted into 
the ESR vacuum tube (contains 3.2% sodium citrate 
anticoagulant).

Serum EPO was measured for 25 patients only using 
the Advia Centaur XPT (Siemens, Germany) in a one-step 
direct immunoassay using chemiluminescent technology. 
The assay utilizes an acridinium ester-labeled monoclonal 
mouse anti-EPO antibody in the Lite reagent. The solid 
phase consists of anti-EPO monoclonal antibody-coated 
paramagnetic microparticles.

Measurement of ERFE
EDTA-anticoagulated samples were transported on ice and 
extraction of RNA was performed at the same day (within 
18 hours maximum) using miRNeasy® Kit (QIAGEN®, 
MD, USA). The extracted RNA molecules were applied to 
the RNeasyMinElute spin column, where the total RNA 
was bound to the membrane while contaminants were 
efficiently washed away. The extracted mRNA was imme
diately frozen at −80°C. When samples were thawed, 
Real-Time two-step RT-PCR was performed on the 
extracted RNA using Qiagen miScript II RT kit (Qiagen, 
USA) run on Thermo Hybaid PCR express (Thermo 
Scientific, USA), and TaqMan Gene expression primer 
assay (QuantiFast®Probe Assay, Applied Biosystems, 

CA, USA) using Real-Time PCR instrument (7500 Fast 
Real-Time PCR system, Applied Biosystems, Foster City, 
CA, USA). Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was used as a reference gene to normalize the 
RNA expression data. The relative expression of ERFE 
(FAM132B) was analysed using the double delta threshold 
cycle (∆∆CT) method.20

∆∆CT: ∆CT (test samples) - ∆CT (calibrator samples)
Where:
∆CT (test samples) = CT (ERFE gene in test) - CT 

(reference gene in test)
∆CT (calibrator samples) = CT (ERFE gene in calibra

tor) - CT (reference gene in calibrator)
The final step was to calculate the relative quantifica

tion (RQ). It expresses the amount of ERFE gene expres
sion, normalized to the endogenous reference and relative 
to the calibrator:

RQ of ERFE gene = 2 –∆∆C
T

Statistical Analysis
Data were analysed using Statistical Package for Social 
Science (SPSS 26). Normality of distribution was evaluated 
using the Shapiro–Wilk test. Student T Test was used to 
assess the statistical significance of the difference of 
a parametric variable between two study groups. Mann 
Whitney Test (U-test) was used to assess the statistical sig
nificance of the difference of a non-parametric variable 
between two study groups. A Fisher’s exact test was used 
to compare categorical variables. One-way ANOVA was 
used to compare groups. Post hoc analysis was performed 
using Tukey’s multiple comparison tests. Pearson correlation 
analysis was employed to assess the strength of association 
between two quantitative variables. The r value defines the 
magnitude and direction (positive or negative) of the linear 
relationship between two variables. The receiver operating 
characteristic (ROC) curve was used to assess the overall 
diagnostic performance for ERFE in terms of disease activity. 
Stepwise regression analysis was used to determine the best 
independent predictors of ERFE and DAS-28 values. 
Statistical significance was defined as a P < 0.05.

Results
The patients in our study included 43 females and 12 
males. Parallel to established gender-related differences 
reported in the literature, we found significant differences 
in CBC and iron determinants between the two groups 
(lower levels of red blood cell (RBC) count, hemoglobin, 
iron, and TS%, and higher levels of TIBC were found 
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among female patients)21–23 (data not shown). In contrast, 
iron-control parameters (ERFE, hepcidin) and DAS28 
values did not show gender-related differences (Table 1).

Comparison of Red Cell Indices in the 
Study Groups
Healthy control subjects showed higher values of hemo
globin, hematocrit (Hct), mean corpuscular volume 
(MCV), and mean corpuscular hemoglobin (MCH), and 
lower levels of red cell distribution width (RDW), when 
compared to each of the RA activity-based groups. On the 
other hand, patients having active RA had higher RBC 
counts, Hct and MCV values when compared to patients 
with inactive disease (Table 2).

Comparison of Erythroferrone– 
Hepcidin–Iron Axis Parameters in the 
Study Groups
ERFE was expressed at significantly higher levels in the 
active RA patients compared with either healthy subjects 
or inactive RA patients (p <0.001). No difference was 
noted in ERFE values in the latter two groups. Hepcidin 
was significantly higher in RA patients compared with 
healthy control subjects. Moreover, significantly elevated 
hepcidin was related to RA activity.

Of the iron-related parameters, serum iron and TS% 
levels of the control group were significantly higher than 
those of RA patients and showed similar values in active and 
inactive RA patients. TIBC and ferritin showed no signifi
cant difference between any of the study groups (Table 2).

Comparison of CRP and ESR in the Study 
Groups
Active RA patients had significantly higher CRP levels than 
inactive RA as well as healthy control subjects, with similar 
values of CRP in the latter two groups. ESR values were 
significantly lower in healthy subjects than that of either RA 
groups, with no difference in its levels between the two RA 
groups (Table 2). When categorizing patients based on CRP 

levels, only ERFE showed significant differences between 
different CRP levels, with significantly higher ERFE values 
found in patients with elevated CRP (ie, 48 mg/L) (Table 3).

Diagnostic Accuracy and Performance of 
ERFE in Relation to Disease Activity
We employed the DAS28 values of RA patients (as a gold 
standard of activity) to assess the accuracy of ERFE gene 
expression in the diagnosis of active RA. The area under 
the curve of ERFE as a diagnostic test was 0.896. The 
selected cut-off point of 9.377 RQ to confirm the active 
state showed the following diagnostic criteria: sensitivity 
94.1% (95% CI: 81.3% to 99.3%), specificity 100% (95% 
CI: 83.9% to 100%), positive predictive value 100%, 
negative predictive value 91.3%, overall diagnostic accu
racy 96.4% (95% CI: 87.5% to 99.6%) (Figure 1).

To further evaluate the impact of ERFE levels on other 
parameters, we compared patients’ data with ERFE levels 
above and below the 9.38 cut-off value. Patients with 
higher-than-threshold ERFE levels had higher RBC, 
MCV, Hct, hepcidin and EPO levels (p<0.05) (Table 4).

Correlation Studies
A comprehensive correlation analysis was done between 
all studied variables. TS% was positively correlated to Hb, 
Hct, RBC, and MCV values (r= 0.49, 0.45, 0.289, 0.319, 
respectively). In addition, a significant positive correlation 
was detected between each two of the three parameters: 
ERFE values, DAS28 values and RBC counts (r values 
ranged from 0.271 to 0.536).

Stepwise regression analysis was performed to deter
mine the best predictors of ERFE and DAS28 values. 
DAS28 values and disease duration were independent 
predictors of ERFE, while ERFE and hepcidin values 
were independent predictors of DAS28 (Tables 5 and 6).

Discussion
In this study, ERFE level has significantly correlated with 
the activity status of RA disease. There is no information 
in literature about this hormone in RA. The significance of 

Table 1 Comparative Analysis of Hepcidin, ERFE and DAS28 in Male & Female RA Patients

Parameter Males (n=12) Females (n= 43) P value

Hepcidin (ng/mL) (median (IQR)) 100 (46–100) 100 (55–127) 0.87
ERFE (RQ) (median (IQR)) 14.07 (10.59–19.35) 10.45 (7.47–25.17) 0.225

DAS28 (mean±SD) 3.6±1.1 4.1±0.7 0.214

Abbreviations: DAS, disease activity score; ERFE, erythroferrone; RQ, relative quantification.
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ERFE in various diseases is not limited to its role in 
anemia, because ERFE is also produced in muscle.6 

Hence, at the start of our study, the production of ERFE, 
or its specific role in RA in respect to coexisting anemia or 
activation status, was unclear. Therefore, we investigated 
the relationship between ERFE levels and iron or hemato
poietic determinants, as well as activity-related para
meters, to comprehend its role in anemic RA patients.

The rapid hepcidin production in inflammation allo
cates it as a hallmark in the pathophysiological diagno
sis of ACD.8 In our study, the difference in hepcidin 
values between healthy control subjects and anemic RA 
patients supports the inflammatory element of the RA- 
associated anemia.12,24 Hepcidin median was highest in 

active RA and lowest in control subjects, with signifi
cantly different intermediate levels in inactive RA 
patients. In a study by Sahebari et al (2018), the authors 
found no relation between hepcidin levels and RA activ
ity; they categorized RA activity using the 5.1 DAS28 
cutoff limit.25 Another study reported a significant 
increase of serum hepcidin with the active status 
(DAS28>3.2 was used to define disease activity).12 

The results of the latter study are similar to our results. 
However, it should be noted that in the study design of 
the two studies, RA patients either had ACD or did not 
have anemia. Therefore, unlike our study, the compar
ison of hepcidin levels was based on activity status 
irrespective to the presence of anemia.

Table 2 Comparative Analysis of Laboratory Test Results Among the Study Groups

Parameter Control Subjects 
(Group I) No= 15

Inactive RA 
Patients No= 21

Active RA Patients 
No= 34

Test Value P value

Hb (g/dL) (mean±SD) 13.5±0.91 10.9±0.7 11.3±1 40.96 <0.001 * †

RBC (× 1012/L) (mean±SD) 4.9±0.35 4.14±0.22 4.46±0.51 14.14 <0.001 * † ‡

Hct (%) (mean±SD) 43.2±3.4 30.7±2.5 35.1±3.3 71.9 <0.001* †‡

MCV (fL) (mean±SD) 88.6±6.2 74±4.7 78.9±6.2 42.1 <0.001 * † ‡

MCH (pg) (mean±SD) 27.6±0.76 26.3±1.7 25.4±2.2 7.79 0.009 †

RDW (%) (mean±SD) 13.58±0.61 14.6±0.9 15.2±2 6.22 0.003 †

TLC (× 109/L) (mean±SD) – 7.7±2.3 7.6±2.6 0.263 0.79

PLT (× 109/L) (mean±SD) – 278±77 308±87 −1.336 0.188

CRP (n (%)) <6 mg/L 15 (100) 18 (85.7) 16 (47) 24.1 0.002 † ‡

6 mg/L 0 (0) 2 (9.5) 4 (11.8)

12 mg/L 0 (0) 0 (0) 2 (5.9)

24 mg/L 0 (0) 1 (4.8) 0 (0)

48 mg/L 0 (0) 0 (0) 12 (35.3)

CRP (mg/L) (n (%)) Normal 15 (100) 18 (85.7) 16 (47) 17.42 <0.001 † ‡

High 0 (0) 3 (14.3) 18 (53)

ESR (mm/hr) (median (IQR)) 8 (6–10) 15 (12.75–52.5) 20 (15–40) 7.058 <0.001 * †

Serum iron (µg/dL) (mean±SD) 97.5±11 33.05±11.2 34.9±9 87.6 <0.001 * †

TIBC (µg/dL) (median (IQR)) 330 (300–340) 200 (155–590) 470 (175–500) 0.515 0.6

TS (%) (median (IQR)) 30.9 (26.2–35) 19.5 (3.8–31) 7.2 (5.6–20.2) 93.2 <0.001 * †

Ferritin (µg/L) (median (IQR)) 54 (30–76) 67.9 (33.1–80.7) 68.2 (31.5–86.5) 2.3 0.106

Hepcidin (ng/mL) (median (IQR)) 3.5 (2–5) 90 (46–100) 100 (80–200) 20 <0.001 * † ‡

ERFE (RQ) (median (IQR)) 3 (2–7.6) 5.04 (3.65–8.2) 19.35 (11.34–29.12) 5.56 0.005 † ‡

Notes: *Significant difference between control subjects and inactive RA patients; †Significant difference between control subjects and active RA patients; ‡Significant 
difference between inactive and active RA patients. 
Abbreviations: CRP, C- reactive protein; ERFE, erythroferrone; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular 
hemoglobin; MCV, mean corpuscular volume; PLT, platelet count; RA, rheumatoid arthritis; RBC, red blood cell count; RDW, red cell distribution width; RQ, relative 
quantification; TIBC, total iron binding capacity; TLC, total leucocyte count; TS, transferrin saturation.
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Other well-characterized features of ACD9,17 were 
clearly demonstrated such as the significantly lower 

serum iron and TS% in RA patients compared to their 
levels in healthy controls. On the other hand, ferritin 
showed no significant difference between the two groups 
as it only exceeded the upper normal levels in 3/55 
patients (5.5%). Similar data regarding ferritin were 
reported in relevant studies.12,26,27

Levels of ERFE expressed by patients with active RA 
were significantly higher than those of patients with inac
tive RA and healthy controls. Importantly, the latter two 
groups had similar ERFE levels. ERFE also showed 
increased expression levels with high CRP values. 
Furthermore, in an analysis adjusting for confounding 
risk factors, ERFE has positively correlated with DAS28 
and disease duration. Reciprocally, the same analysis has 
revealed that ERFE and hepcidin are the only variables 
that could independently indicate the presence of an activ
ity status (based on DAS28 values).

Accordingly, a cut-off of 9.38 was assigned for ERFE RQ 
values to effectively distinguish the active state of RA. 
Patients with ERFE levels above this cut-off exhibited sig
nificantly high RBC, Hct, MCV, EPO and hepcidin. The 
latter finding has undermined the supposed inverse relation
ship of ERFE with hepcidin. Hepcidin-inhibitory effect 

Table 3 Results of ERFE and Iron-Control Parameters Against CRP-Semiquantitative Results and ESR Results

ERFE (RQ) Hepcidin (ng/ 
L)

Ferritin (µg/ 
L)

TS (%) Serum Iron (µg/dL) TIBC (µg/ 
dL)

CRP <6 mg/L  

no =32

9.67±5.8 108±45.3 61.6±25.6 15.2±6.3 32.89±8.5 328.12±94.79

CRP= 6 mg/L  

no = 6

28.2±13.8 167±78.5 67.4±27.5 19.47±6.9 33.3±4.3 288.33±127.79

CRP= 24 mg/L  

no =5

54.9±24 87±34.1 80±36.5 5.15±0.1 28.7±1.5 395.7±55.8

CRP= 48 mg/L  

no =12

93.3±33 131.2±59.7 59.7±26.9 10.08±4.4 35.32±9.4 467±105.89

Test value 8.9 1.32 1.65 2.09 0.51 2.79

P value <0.001* 0.2 0.18 0.11 0.68 0.07

High ESR (no=31) 12.7 (9.29– 
23)†

78.4 (37.6–92.6)† 100 (70–150)† 13.3±6.9 31.9±8 383.8±194

Normal (ESR no=24) 9.2 (4.8–25.3)† 67.6 (57.8–80)† 85 (46–100)† 16.2 ± 9.3 36.6±11.6 338.7±198

Test value 1.11 1.6 1.31 0.918 1.6 0.856

P value 0.27 0.19 0.2 0.369 0.1 0.39

Notes: *Statistical significance between CRP values of <6 and 48 mg/L. † Results are presented as median (IQR); otherwise, the data are presented as (mean±SD). 
Abbreviations: CRP, C- reactive protein; ERFE, erythroferrone; ESR, erythrocyte sedimentation rate; RQ, relative quantification; TS, transferrin saturation.

Figure 1 ROC curve to demonstrate the performance level of ERFE in RA disease 
activity. 
Abbreviations: ERFE, erythroferrone; RA, rheumatoid arthritis; ROC, receiver 
operating characteristic.
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exerted by ERFE might have been counterbalanced by other 
hepcidin determinants. An important and direct determinant 
of hepcidin is the state of inflammation that coexists with 
particularly high levels of IL-6. This cytokine plays a critical 
role in both the pathogenesis of active RA as well as the 
secretion of hepcidin from hepatocytes.28,29

Due to its actual release from muscle cells (myonec
tin), the value of ERFE in human diseases is not restricted 
to anemia. In addition to being elevated in β-thalassemia 
major patients and associated with iron overload,30,31 it 
has also been studied in CKD where EPO is the main 
treatment modality.14,15,32 Furthermore, the metabolic 
effect of myonectin has been addressed in the study of 
Seldin et al,6 and a tight relationship was found with 
glucose homeostasis and insulin sensitivity in diabetes 
mellitus patients.33

In order to discern the source of ERFE in the study 
patients, ie, whether from muscle or expanding erythroblasts, 
we measured EPO level in 25 RA patients, both RA activity- 
based groups were represented. The significantly higher EPO 
levels in active RA patients suggest an erythroid origin of 

ERFE. However, a non-erythroid source of ERFE might be 
suggested based on the following observations:

● Difference in EPO levels, though statistically signifi
cant, was not proportionate to the much greater 
ERFE expression values in active RA patients.

● Similar ERFE levels in healthy control subjects and 
inactive RA patients in the background of signifi
cantly lowered hemoglobin level in the latter group, 
denote a poor causal effect of anemic hypoxia and 
EPO in the production of ERFE.

Consequently, it may be convincing to consider mus
cle as the derivation of most of the secreted ERFE 
hormone in the study patients, but there is no evidence 
to support this hypothesis. In contrast to erythroblasts 
ERFE, which requires EPO for its secretion, muscle 
ERFE has several suggested mechanisms of release on 
which there is a lack of agreement and have contra
dicting theories. ERFE is produced and secreted by 
skeletal muscle in response to physical activity.6,34 

Table 4 Laboratory Parameters in Patients with High and Low ERFE

ERFE RQ < 9.38 (n=23) ERFE RQ > 9.38 (n=32) Test Value P value

Age (years) (mean±SD) 40.17±9.4 41.5±7.6 0.576 0.28

Disease duration (years) (median (IQR)) 2 (0.75–7) 5 (2–9) −1.846 0.065

Hb (g/dL) (mean±SD) 10.9±0.7 11.2±1 −1.179 0.122

RBC (×1012/L) (mean±SD) 4.15±0.6 4.44±0.5 −2.45 0.009

Hct (%) (mean±SD) 30.7±2.6 34.8±3.37 4.6 <0.001

MCV (fL) (mean±SD) 74±4.8 78.5±4.16 −3.61 <0.001

MCH (pg) (mean±SD) 26.4±1.6 25.4±2.2 −1.69 0.098

RDW (%) (mean±SD) 14.7±0.8 15.1±1.9 −0.949 0.347

TLC (×109/L) (mean±SD) 7.6±2.25 7.6±2.6 −0.016 −0.987

PLT (×109/L) (mean±SD) 281.8±79.8 305±86 −0.964 0.339

Serum Iron (µg/dL) (mean±SD) 33±10.8 35.1±9.4 −0.235 0.814

TIBC (µg/dL) (median (IQR)) 200 (155–590) 315 (170–493) −0.392 0.695

TS (%) (median (IQR)) 19.5 (3.8–31.1) 14.3 (5.1–21.5) −0.078 0.938

Ferritin (µg/L) (median (IQR)) 68 (33.1–80.7) 77.3 (64.2–90.8) −1.173 0.241

Hepcidin (ng/mL) (median (IQR)) 90 (46–100) 100 (80–200) −2.453 0.014

EPO (mIU/mL) (median (IQR)) 15.7 (10.2–16.6) 23.2 (18.05–36) −2.4 0.016

Abbreviations: EPO, erythropoietin; ERFE, erythroferrone; Hb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume; PLT, 
platelet count; RBC, red blood cell count; RDW, red cell distribution width; TIBC, total iron binding capacity; TLC, total leucocytic count; TS, Transferrin saturation.

Journal of Inflammation Research 2021:14                                                                                          https://doi.org/10.2147/JIR.S327465                                                                                                                                                                                                                       

DovePress                                                                                                                       
4451

Dovepress                                                                                                                                                          Youssef et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


However, it was recently claimed to be released in 
resistance modalities of movement.35 Attempts to move 
an inflexible joint might be viewed as a direct cause of 
resistance to movement. However, we cannot verify 
whether exercise restriction is a direct cause of 
increased muscle ERFE secretion since the available 
data are inadequate to accurately correlate the degree 
of pain or exercise resistance to the increase in ERFE 
level.

Another theory describing the mechanism of muscle 
release of ERFE introduces the endocrine function of 

adipose tissue. Adipocytes have been suggested to send 
inhibitory signals to skeletal muscle tissue through adipo
kines, thereby reducing muscle ERFE secretion.36 Loss of 
fat was hypothesized to increase ERFE release from mus
cles. We believe that the value of this hypothesis is ques
tionable since total body fat increases in RA that usually 
shows altered distribution.37 Moreover, adiponectin, one 
important member of the adipokines family, was found to 
positively correlate with activity parameters of RA and 
increase in RA patients treated with anti-TNF agents (eg, 
infliximab).38 However, low adiponectin levels can occur 

Table 5 Stepwise Multiple Regression Analysis for Determining Independent Predictors of ERFE Level

Change Statistics

Model R R Square Adjusted 
R Square

Std. Error of the 
Estimate

R Square 
Change

F Change df1 df2 Sig. 
F Change

1 0.537 0.289 0.273 38.3 0.289 19.06 1 47 0.000
2 0.661 0.436 0.412 34.5 0.148 12.07 1 46 0.001

Model Unstandardized Coefficients Standardized Coefficients

B Std. Error Beta T Sig.

1 (Constant) −62.630 21.261 −2.946 0.005

DAS28 24.217 5.546 0.537 4.366 0.000

2 (Constant) −66.945 19.168 −3.492 0.001

DAS28 19.881 5.144 0.441 3.865 0.000

Disease duration 3.293 0.948 0.396 3.474 0.001

Abbreviations: DAS, disease activity score; ERFE, erythroferrone.

Table 6 Stepwise Multiple Regression Analysis for Determining Independent Predictors of DAS28 Level

Change Statistics

Model R R Square Adjusted 
R Square

Std. Error of the 
Estimate

R Square 
Change

F Change df1 df2 Sig. 
F Change

1 0.537 0.289 0.273 0.85 0.289 19.06 1 47 0.000
2 0.616 0.379 0.352 0.803 0.090 6.69 1 46 0.013

Model Unstandardized Coefficients Standardized Coefficients

B Std. Error Beta T Sig.

1 (Constant) 3.381 0.142 23.781 0.000

ERFE 0.012 0.003 0.537 4.366 0.000

2 (Constant) 2.973 0.207 14.331 0.000

ERFE 0.013 0.003 0.586 4.980 0.000

Hepcidin 0.003 0.001 0.305 2.587 0.013

Abbreviations: DAS, disease activity score; ERFE, erythroferrone.
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in patients with activity who experienced refractoriness to 
infliximab,39 which was not the case in any of the patients 
in the present study.

In a recent study by Stewart et al,40 which investi
gated the protein modifications required for secretion of 
myonectin/ERFE, proline hydroxylation by collagen pro
lyl 4-hydroxylase was found to be necessary for the 
effective secretion of proteins containing collagen 
domains, of which myonectin is one. They demonstrated 
that inhibition of proline hydroxylation significantly 
reduced the secretion of myonectin. Thus, since an 
increase in hydroxyproline level in synovial fluid and 
serum was related to the presence of activity features of 
RA,41,42 the assumption that proline hydroxylation is 
responsible for the significantly higher muscle ERFE in 
active RA might be plausible.

An important finding that needs to be emphasized is 
that RBC count, Hct and MCV values were significantly 
higher in the active RA group and in patients who 
expressed higher than the ERFE cut-off value, compared 
with their respective counterpart groups. The increase in 
RBC parameters with the high ERFE levels raises the 
assumption that ERFE has performed its role in promoting 
iron delivery to erythroblasts in anemic RA patients during 
disease activity. In two previous studies conducted on rats, 
a sustained erythropoietin treatment has provoked insulin 
sensitivity and improved glucose metabolism.43,44 So, 
because erythroid ERFE is the one that is released in 
response to erythropoietin, a united function of ERFE, 
encompassing that of erythroid ERFE and muscle ERFE, 
was suggested to exert this metabolic effect.1 Likewise, 
the high ERFE found in active RA patients in our study, 
whose muscle source is being proposed, might have tra
versed its scope of action to stimulate erythropoiesis. Still, 
the higher hepcidin values that marked the activity status 
challenge this possibility.

Conclusion
In conclusion, the presented results introduce ERFE as 
a novel marker of RA activity. We consider the measured 
ERFE as total ERFE, which included erythroid and muscle 
ERFE. Some evidence suggesting ERFE to have 
a beneficial effect on the dismal erythroid compartment 
was revealed; the validation of this effect can provide new 
opportunities to treat anemia that may perturb RA patients. 
However, the study has certain limitations that are related 
to patient selection. Firstly, the enrolled patients had either 
ACD alone or ACD combined with iron deficiency 

anemia. Thus, the study lacks a homogeneous group of 
patients with pure ACD. Another limitation is the absence 
of patient control group, because non-anemic RA patients 
were not included in the study.

Additional studies including larger number of patients 
are recommended to validate the study findings. Obtaining 
an individualized pattern of ERFE expression, at times of 
disease activity and after resolution, and measuring other 
inflammatory parameters, eg, IL-6 and TNF-α, can clarify 
its mechanism of secretion. Furthermore, the inclusion of 
non-anemic RA patients in the study of ERFE and hepci
din expression can provide additional insight over the 
activity of ERFE in the course of ACD or inflammatory 
process.
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