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Abstract: Intravenous iron therapy is used in treatment of anemia in uremic patients. In patients 

treated with peritoneal dialysis iv. infused iron diffuses into the peritoneal cavity and may cause 

injury to the mesothelial cell. We studied effect of Iron Isomaltoside (IIS) in presence of NF-κβ 

inhibitor dehydroxymethyepoxyquinmicin (DHMEQ) on function of the peritoneal mesothelial 

cells. Experiments were performed on human peritoneal mesothelial cells in in vitro culture exposed 

to IIS 15 ug/dL ± DHMEQ 1 ug/mL. Intracellular oxidative stress, secretory activity and collagen 

synthesis in the cells were studied. IIS induced oxidative stress in the mesothelial cells and that 

effect was weaker in presence of DHMEQ (-52%,p<0.001). In cells exposed to IIS increased 

expression of genes for IL6 (+74%,p<0.001), PAI-1 (+43%, p<0.01) and TGFβ (+53%,p<0.001) was 

observed and reduced for tPA (-36%,p<0.01). In presence of IIS increased secretion of IL6 (+56%, 

p<0.001), TGFβ (+49%,p<0.001) and PAI-1 (+51%, p<0.001) was observed whereas secretion of tPA 

was reduced (-25%, p0.001). DHMEQ reduced changes in genes and secretory activity caused by 

IIS. In presence of IIS synthesis of collagen in mesothelial cells was increased (+45%,p<0.001) and 

that effect was weaker (-25% vs. IIS, p<0001) when simultaneously DHMEQ was used.IIS induces 

proinflammatory changes in mesothelial cells, deteriorates their fibrinolytic activity and stimulates 

synthesis of collagen. All these effects are reduced when simultaneously NF-κβ inhibitor – DHMEQ 

is used. 

Keywords: Iron isomaltoside–NF-κβ - dehydroxymethyepoxyquinmicin (DHMEQ)-mesothelial 

cells 

 

1. Introduction 

Uremia is a complex disorder due to the accumulation of the toxic compounds in the body and 

the lack of the physiological function of the kidney. One of the consequences of that state is the 

imbalance between the increased oxidant stress and reduced activity of the antioxidants. Correction 

of uremic anaemia improves the antioxidant capacity of the body, but at the same time, large amounts 

of the supplemented iron induce oxidative stress [1]. In uremic patients with a large iron deficit or 

poor iron absorption from the GI tract, intravenous supplementation is the treatment of choice. 

However, the effects of such treatment should be considered in patients treated with peritoneal 

dialysis due to the potential long-term impact of such therapy on peritoneal dialysis efficacy [2]. 

Prolonged oxidative stress in peritoneal dialysis patients may accelerate the progression of 

atherosclerosis, loss of residual renal function and peritoneal fibrosis [3]. During intravenous infusion 

of iron-containing compounds in patients treated with peritoneal dialysis, some amount of these 

drugs can directly diffuse into the peritoneal cavity, where after digestion by macrophages, free iron 

can be released. Also, transferrin with bound iron can diffuse from the bloodstream into the 

peritoneal cavity, where at the low pH of the dialysis fluid, free iron can be released [4]. We found 

that intravenous iron therapy with iron sucrose or iron isomaltoside induces oxidative stress in the 
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peritoneal mesothelial cells, which changes their functional properties [5,6]. Yamaji and coworkers 

described, in CAPD patients treated with intravenous iron, deposition of that metal in the 

peritoneum, especially in the area with the advanced fibrotic changes [4]. 

Deposition of iron in the peritoneum may accelerate the loss of the properties of that structure 

as the dialysis membrane. Previously we found that iron-induced changes in the functional 

properties of the mesothelial cells in in vitro conditions are partially reversible after prolonged culture 

of these cells in a medium without iron [7]. However in clinical conditions, patients are repeatedly 

exposed to iron, and therefore, we cannot exclude the accumulation of that metal in the peritoneum 

as shown by Yamaji et a. [4]. Thus there is a need for searching of therapies which can minimize the 

injurious effect of iron on the peritoneum in patients treated with peritoneal dialysis. Previously we 

found that N-Acetylcysteine reduces the iron-induced changes in the function of the mesothelial cells 

[6]. 

In the present study, we evaluated the effect of the NF-κβ inhibitor 

dehyroymethyepoxyquinmicin (DHMEQ) on Iron Isomaltoside (IIS) induced changes in the 

peritoneal mesothelial cells. We found in our previous study that DHMEQ reduces the inflammatory 

reactions in the mesothelial cells and slows their proliferation and synthesis of collagen [8]. Such 

properties may be beneficial during intravenous iron therapy in peritoneal dialysis patients. 

2. Results 

Treatment of the mesothelial cells with the studied media did not affect their viability, as 

reflected by the results of the MTT test, which were the same as in the control group. In the cells 

exposed to media supplemented with IIS, at the end of the 24 hours incubation, intracellular iron 

content was significantly increased as compared to cells not treated with iron (Figure 1A). Treatment 

with IIS resulted in increased intracellular oxidative stress (+118%, p<0.001), but when the cells were 

simultaneously treated with DHMEQ increase of the intracellular free radicals was smaller (+40%, 

p<0.02) (Figure 1B). 

Exposure of the cells to a medium supplemented with IIS caused changes in the genes expression 

as compared to the control group: an increase for IL6 (+74%, p<0.001), PAI-1 (+43%, p<0.01) and 

TGFβ1 (+53%, p<0.001), whereas expression of tPA gene was reduced ( -36%, p<0.01). Simultaneous 

exposure to DHMEQ significantly reduced iron-induced changes in the expression of the studied 

genes (Figure 2). Changes in the genes expression were reflected by the modified cellular secretory 

activity (Figure 3). IIS stimulated secretion of IL6 (+56%, p<0.001) but in the presence of DHMEQ, IL6 

synthesis was reduced (-32%, p<0.01). Simultaneous exposure of the cells to IIS and DHMEQ resulted 

in a weaker increase in IL6 secretion (Figure 3A). IIS stimulated the release of TGFβ1 from the 

mesothelial cells ( +49%, p<0.001), and that effect was milder (-27%, p<0.05) when the cells were 

simultaneously treated with DHMEQ. When DHMEQ was used as the only supplement to the culture 

medium, synthesis of TGFβ1 was lower than in the control group (-21%,p<0.05) (Figure 3B). Synthesis 

of t-PA was reduced in cells exposed to IIS (-25%, p<0.001) and that effect was weaker (-12%, 

p<0.01)when simultaneously DHMEQ was used (Figure 3C). In the presence of IIS, synthesis of PAI-

1 was increased by 51% (p<0.001) as compared to control (p<0.001) and no such effect was seen when 

DHMEQ was used (Figure 3D).  

The synthesis of total proteins was comparable in all studied groups (Figure 4A). However in 

the presence of IIS, synthesis of collagen was higher (+45%, p<0.001) as compared to the control 

group. However, when IIS was used together with DHMEQ, collagen synthesis was reduced (-25%, 

p<0.001) when compared to the effect of IIS alone (Figure 4B). 
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Figure 1. Iron concentration (A) and synthesis of free radicals (B)  in mesothelial cells cultured in 

standard medium (Control), medium supplemented with DHMEQ 10ug/mL (DHMEQ), IIS 15 ug/dL 

(Fe) or DHMEQ 10ug/mL plus IIS 15 ug/dL (DHMEQ + Fe). 

 

Figure 2. Expression of genes regulating expression of IL6, tPA, PAI-1 and TGFβ in mesothelial cells 

cultured in medium supplemented with DHMEQ 10ug/mL (DHMEQ), IIS 15 ug/dL (Fe) or DHMEQ 

10ug/mL plus IIS 15 ug/dL (DHMEQ + Fe). Results are presented as % of control when cells were 

cultured in standard medium. 
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Figure 3. Secretion of  IL6 (A), TGFβ (B), t-PA (C) and PAI-1(D) in mesothelial cells cultured in 

standard medium (Control), medium supplemented with DHMEQ 10ug/mL (DHMEQ), IIS 15 ug/dL 

(Fe) or DHMEQ 10ug/mL plus IIS 15 ug/dL (DHMEQ + Fe). 

 

Figure 4. Synthesis of total protein (A) and collagen (B) in mesothelial cells cultured in standard 

medium (Control), medium supplemented with DHMEQ 10ug/mL (DHMEQ), IIS 15 ug/dL (Fe) or 

DHMEQ 10ug/mL plus IIS 15 ug/dL (DHMEQ + Fe). 
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3. Discussion 

Results of our experiments confirm iron toxicity towards the mesothelial cells which was 

described in our previous studies [6,9] as well by other researchers [10,11]. The protective effect of N-

Acetylcysteine against iron toxicity in conditions of peritoneal dialysis was observed in in vitro study 

[7], but in the clinical scenario effectiveness of N-Acetylcysteine in dialysis patients is not confirmed 

by all researchers [12]. There is a need for the effective protection of the mesothelial cells during 

peritoneal dialysis against iron toxicity. A significant amount of iron infused intravenously diffuses 

into the peritoneal cavity filled with the dialysis fluid, what can lead to injury of the peritoneal 

mesothelial cells [5,6]. 

Iron cytotoxicity is mediated via oxidative stress, which starts various processes leading to cells 

death [13]. Iron-induced intracellular oxidative stress leads to activation of the NF-κβ system [14]. 

Various components of the dialysis fluids stimulate the mesothelial cells via activation of the NF-κβ 

pathway, which results in their increased inflammatory profile [8,15]. Also, iron toxicity towards the 

peritoneum is linked with the activation of the NF-κβ system [16]. In the present study, we found 

that application of the NFκβ inhibitor – DHMEQ reduces iron toxicity towards the peritoneal 

mesothelial cells 

Exposure of the mesothelial cells to IIS in the presence of DHMEQ resulted in a significant 

decrease in the intracellular generation of free radicals as compared to cells treated only with IIS 

(Figure 1B). Also, the proinflammatory pattern of the iron-treated mesothelial cells, reflected by the 

increased IL6 synthesis, was milder after treatment with DHMEQ (Figure 2A). The anti-inflammatory 

effect of the NF-κβ inhibition is well described in various biological models [17,18], also in the 

mesothelial cells [8,19]. Exposure of the mesothelial cells to IIS resulted in the decreased synthesis of 

t-PA and increased synthesis of PAI-1 (Figure 3 C,D), which consequence was the reduced fibrinolytic 

activity of these cells. Such an effect may be secondary to the increased inflammatory activity of the 

cells exposed to iron [20]. Impaired fibrinolytic activity of the mesothelial cells may result in the 

increased deposition of fibrin within the peritoneum with the subsequent overgrowth of the 

connective tissue [21,22]. Inhibition of NF-κβ significantly reduced the iron-induced changes of tPA 

and PAI-1 secretion from the mesothelial cells (Figure 3C,D). 

Iron induces fibrosis in various organs such as the liver, lungs or kidney [23–25]. In peritoneal 

biopsies obtained from patients treated with peritoneal dialysis, iron deposition was found in the 

parts of the peritoneum with the overgrowth of the fibrotic tissue [4]. We found in the mesothelial 

cells exposed to IIS increased expression of TGFβ1 (Figure 2) and secretion of that cytokine (Figure 

3B). IIS also increased the production of collagen in the mesothelial cells (Figure 4B). Simultaneous 

exposure to DHMEQ reduced all these effects. In the experimental study on rats Duan and coworkers 

found that downregulation of the TGFβ1 expression with sulodexide reduced peritoneal fibrosis 

caused by chronic peritoneal dialysis [26]. The antifibrotic effect of DHMEQ was shown in keloid 

fibroblasts [27], kidneys[28] and peritoneal mesothelial cells exposed to the effluent dialysates [8]. 

Our results show that the application of DHMEQ may also prevent iron-induced fibrosis in the 

peritoneum. 

Peritoneal dialysis is not a biocompatible procedure because the intraperitoneal infusion of the 

dialysis fluid induces the inflammatory reaction, leading in long term to peritoneal fibrosis. That 

process may be additionally enhanced by iron compounds diffusing into the peritoneal cavity from 

the bloodstream. Inhibition of the NF-κβ pathway within the peritoneal cavity may help to prevent 

peritoneal damage during long- term peritoneal dialysis. 

4. Material and Methods 

Experiments were performed on the primary cultures of human peritoneal mesothelial cells 

harvested from the effluent dialysates collected from patients treated with peritoneal dialysis. 

Effluents obtained during the first six months of the peritoneal dialysis therapy were used. Study was 

approved by the Bioethical Committee at the University of Medical Sciences in Poznan. 

Mesothelial cells were cultured in medium M199 supplemented with hydrocortisone ( 1 ug/ml), 

antibiotics (streptomycin 100 ug/ml and penicillin 100 U/ml) and 10% fetal calf serum (FCS). Cells 
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were grown in 24, and 6 wells plates and the experiments were performed on the cell monolayers. 

We studied the effect of the iron compound: Iron Isomaltoside 1000 (Monover®) on the function of 

the mesothelial cells in the presence of NF-kappaβ inhibitor: Dehydroxymethylepoxyquinomicin 

(DHMEQ). DHMEQ was used in concentration of 10 ug/nL, which as we found in our previous study 

is not toxic towards the mesothelial cells [8] 

The following experimental groups were studied: 

Control group – culture medium 

IIS group – culture medium plus Iron Isomaltoside 15 ug/dL 

DHMEQ group – culture medium plus DHMEQ 10 ug/mL 

IIS – DHMEQ group – culture medium plus Iron Isomaltoside 15 ug/dL and DHMEQ 10 ug/mL 

In groups 3 & 4, before the start of the experiment, cells were incubated for 6 hours in a culture 

medium plus DHMEQ 10 ug/mL. Afterwards, in all groups, cells were incubated for 24 hours in the 

studied media, as listed above. Experiments were repeated nine times on the mesothelial cells from 

different donors. 

Secretory activity: At the end of the incubation, supernatants were collected for measurement 

of the following substances: interleukin 6 (IL6), Tissue Plasminogen Activator (tPA), Plasminogen 

Activator Inhibitor-1 (PAI-1), Transforming Growth Factor-β1 (TGFβ1) with the standard ELISA tests 

(DuoSeT® Immunoassay; R&D Systems, USA). In each group, in triplicate, the number of cells was 

counted in a hemocytometer, and cell protein and intracellular iron content were measured. Also, the 

viability of the cells was evaluated, and the intracellular generation of free radicals was measured. 

Mesothelial cell parameters: To quantify the cells number, the cells were harvested from the 

wells with trypsin 0.05% - EDTA0.02% solution and counted in a hemocytometer. Protein 

concentration in the cells lysates was measured with the Lowry method [29]. Intracellular iron in the 

mesothelial cells was measured with a colorimetric ferrozine-based method in the cells lysates and 

expressed per amount of the cells' protein [30]. The amount of iron in the cells was expressed per 

amount of the cellular protein. The viability of the cells' monolayers at the end of the incubation was 

measured with MTT assay (Abcam, Cambridge, UK). Cells were exposed to MTT salt [3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] for 3 hours at 37 °C. The generated 

formazan product was lysed, and its absorbance was measured at 595 nm. Free radicals generated 

within the cells were measured during their 45 minutes of incubation at 37oC with 

2’7’dochlorodihydrofluorescein diacetate probe. Then, after the cells lysis, the fluorescence of the cell 

lysates was measured in a fluorimeter at wavelength 485 nm for excitation and 535 nm for emission. 

Intracellular generation of free radicals was expressed per mg of the cells' protein. 

Analysis of genes expression: Total RNA from the mesothelial monolayers in 6 wells plates, 

after their exposition to the studied media ( group 1-4) was isolated with the ReliaPrepTM RNA Cell 

Miniprep System (Promega, Madison, WI, USA), treated with DNase I using DNA-free DNase 

Treatment and Removal Reagent (Thermo Fisher Scientific, Waltham MA, USA). Afterwards, RNA 

was reverse-transcribed to cDNA with the Transcriptor First Strand cDNA Synthesis Kit (Roche, 

Basel, Switzerland).Relative levels of mRNA of 4 genes: 

IL6 [F:ATGAACTCCTTCTCCACAAGC; R:GTTTTCTGCCAGTGCCTCTTTG] 

t-PA [F:CAGCCAGGAAATCCATGCCC; R:GCCATGACTGATGTTGCTGG] 

PAI-1 [F:TGCTGGTGAATGCCCTCTACT;R: CGGTCATTCCCAGGTTCTCTA] 

TGF-β1 [F:TGGAAATCAATGGGATCAGTC; R: GAGCAAGTGCTTGGTATGG] 

were studied in triplicates from each experiment and normalized to levels of an internal house-

keeping gene: Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) 

[F:TTCGTCATGGGTGTGAACC; R:GATGATGTTCTGGAGAGCCC]. Relative gene expression was 

calculated using the 2-∆∆Ct method [31]. 

Measurement of total protein and collagen synthesis: Mesothelial monolayers in the 24 wells 

plates were exposed to the studied media as described above. Additionally, all media were 

supplemented with β-aminopropionitrile (50 μg/mL), L-ascorbic acid (50 μg/mL) and 3H-Proline (5 

μCi/mL). After 24 hours of incubation, the plates were put into the freezer ( -20oC), and then cells 
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were lysed by repeated freezing and thawing. The collected from each well, mixed supernatants and 

cells lysates were divided into two equal portions ( 2 x 0.5 mL), which were mixed ( 1:1 v/v) with: 

A. Hanks solution with N-etylmaleimide (2.5 mM/ml) 

B. Hanks solution with N-etylmaleimide (2.5 mM/ml) and collagenase 0.2 mg/ml) 

Such prepared mixtures were incubated for 4 hours at 37oC, and afterwards, proteins in each 

sample were precipitated with 10% trichloroacetic acid (TCA). After spinning and removal of the 

supernatant, the precipitate was washed twice with 10% TCA and finally lysed overnight at 4oC in 

0.1 N NaOH. The radioactivity of the cells lysates was measured in a β-liquid scintillation counter 

(Wallac, Perkin Elmer, Warsaw, Poland). Radioactivity of the A samples reflected total protein 

synthesis, and the difference of radioactivity between samples A and B was used as an index of 

collagen synthesis. 

Statistical analysis: Results are presented as mean ± SD. Analysis of the obtained data was 

performed with a one-way analysis of variance with the post hoc Newman Keuls test. A p value of 

less than 0.05 was considered significant. 
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