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    Abstract
Objective: To assess the association between genetic variants of transferrin receptor 2 (TFR2) exon 4 and anemia status and to describe the expression levels of several cytokines, hepcidin, soluble transferrin receptor and erythropoietin. Methods: Institutional based comparative study was done randomly to recruit 106 pregnant women who attended antenatal care in three different health centers in Boyolali Regency, Central Java from May 2015 to September 2015. DNA was extracted from peripheral blood samples of selected pregnant women and sequencing was done for TFR2 exon 4. Furthermore, enzyme-linked immunosorbent assay was conducted to measure the expression levels of interleukin 6, interleukin 4, transforming growth factor β and iron-metabolism related proteins such as hepcidin, soluble transferrin receptor, and erythropoietin. Gene alignment was performed by using a CLUSTAL W program. Collected data were analyzed statistically by using parametric and nonparametric tests with Statistical Product and Service Solutions (SPSS) 20.0 for Windows. Results: Three novel genetic variants from TFR2 exon 4 (position 603, 605 and 606) were associated with anemia status. Moreover, the expression levels of interleukin 6, interleukin 4, transforming growth factor β and erythropoietin were higher in anemic pregnant women than those of nonanemic pregnant women but only erythropoietin level reached statistical significance. These results were followed by decreases of hepcidin and soluble transferrin receptor levels. Conclusions: Various factors contribute to anemia prevalence among pregnant women in Boyoali Regency, Central Java, Indonesia. Our novel findings showed that TFR2 exon 4 has 3 mutational sites in position 603, 605 and 606. These novel genetic variants may provide a new insight into the role of TFR2 in anemia.
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    1. Introduction


    Nutritional status during pregnancy plays a vital role in maternal and fetal outcomes[bookmark: ft1][1]. In developing countries, undernutrition often results in adverse conditions during pregnancy[bookmark: ft2][2]. It has publicly been reported that this condition can increase the risk of some causative factors of higher maternal mortality rate such as anemia, postpartum hemorrhage and hypertension[bookmark: ft1][1].


    Nutritional iron deficiency anemia is a major disorder that occurs in 56% of pregnant women in developing countries including Indonesia[bookmark: ft3][3]. Even though iron supplementation has widely been implemented in anemic pregnant women, it showed that the iron supplementation program was less effective due to different individual responses. For example, data from the Indonesian Ministry of Health show that the national coverage for iron supplementation has recently reached 73.2%, lower than the national coverage for iron supplementation in 2013. Furthermore, this decreased achievement is followed by the increased anemia prevalence among pregnant women[bookmark: ft4][4].


    Some possible factors that can influence the effectiveness of iron supplementation have been reported. Firstly, the adverse effects of iron supplementation such as nausea and vomitus may cause decreased iron absorption[bookmark: ft5][5]. Secondly, genetic variations may also influence iron metabolism such as transmembrane serine protease 6 gene polymorphism[bookmark: ft6][6].


    A previous study suggested that lack of matriptase-2 activity might cause the accumulation of hemojuvelin in the cell membrane of hepatocytes, which modulated the bone morphogenetic protein (BMP)- Son of Mothers Against Decapentaplegic (SMAD) signaling pathway[bookmark: ft7][7]. Furthermore, it can upregulate the hepcidin transcription, which is the main regulator of iron homeostasis, and decline iron efflux via ferroportin[bookmark: ft8][8]. Besides the BMP-SMAD signaling pathway, hepcidin expression is also regulated by transferrin receptor 2 (TFR2) and interleukin (IL)6[bookmark: ft8][8]. The TFR2 receptor has an important role in sensing plasma iron by interaction with different transferrin, hemojuvelin and hemochromatosis-associated molecule, leading to the induction of hepcidin expression[bookmark: ft9][9]. Moreover, co-expression of TFR2 and erythropoietin (EPO) receptor enhances EPO sensitivity and maturation of erythroid cells[bookmark: ft10][10]. Several studies have revealed that mutated exon 4 of TFR2 gene can cause hereditary iron overload (hemochromatosis)[bookmark: ft11][11],[bookmark: ft12][12],[bookmark: ft13][13] but genetic variants of this gene in anemic pregnant women have not been documented yet. Therefore, this study aimed to investigate the genetic variation of exon 4 in TFR2 gene and its association with anemia in Indonesian pregnant women. The study also investigated other parameters such as several cytokines, hepcidin, soluble transferrin receptor (sTFR), and EPO serum levels.


    2. Materials and methods


    2.1. Study design, area, and period


    The institutional-based comparative study was conducted in three different health centers (Ampel, Klego and Nogosari Primary Health Centers), Boyolali Regency, Central Java Province, Indonesia from May to September 2015. Boyolali Regency was located in the south eastern part of Central Java Province and approximately 82.2 and 29.4 km distances from to the nearest two major cities in Central Java, Semarang and Surakarta respectively. The population was dominated by Java ethnics and the majority of Boyolali people worked in agriculture, textile industry, and cattle farming for milk production. Many areas in Boyolali regency were rural and undeveloped, including three health centers used in this present study.


    2.2. Eligibility criteria 2.2.1. Inclusion criteria


    Study participants were eligible to participate in this study if they aged 18-36 years old and had 10-32 gestational weeks, and hemoglobin (Hb) 7<Hb<11 g/dL for anemia or Hb ≥11 g/dL for normal.


    2.2.2. Exclusion criteria


    Study participants who had a history of chronic and hematological diseases and severe anemia (Hb ≤ 7 g/dL) and those who refused to give consent were excluded.


    2.2.3. Sample size and data collection methods


    Based on Yamane[bookmark: ft14][14] formula for sample size, 109 study participants were needed as minimum samples. A total of 113 pregnant women who attended antenatal care at three health centers were recruited as study participants at the end of September 2015. Sample size formula:


    n = N/1 + N(e2)


    = 150/1 + 150 χ (0.05)2


    = 109.09


    n = sample size; N = study population (150, in three health centers according to the preliminary study); e = allowed margin of error (0.05).


    A purposive sampling method was used to select study participants, according to our inclusion and exclusion criteria during the data collection period.


    2.3. Ethical clearance


    The protocol of this study was approved by the Ethical Committee of the Faculty of Medicine, Universitas Sebelas Maret (UNS)/Dr. Moewardi Hospital, Surakarta (No: 278/IV/HREC/2016). Further additional permissions were also obtained from the administrative office of three respective health centers. Moreover, before commencing this study, informed consent was taken from all study participants and collected data were kept confidentially.


    2.4. Data collection


    Pregnant women who attended antenatal care in three health centers and fulfilled inclusion and exclusion criteria during five months, from May to September 2015 were included in this study. Personal and clinical data of study participants were carefully recorded and stored. All study participants were treated by clinicians according to the national standard protocol. Blood samples were then drawn for a routine laboratory test of antenatal care procedure in Indonesia. A total of 5 mL venous blood was taken and was collected in a vacutainer containing ethylenediaminetetraacetic acid and kept in a cool box. Hemoglobin level was measured directly by using a routine method for hematological analysis (cyanmethemoglobin method). Each 20 μL blood sample from study participants was added to tubes containing 50 mL Drabkin’s reagents. Afterward, it spectrophotometrically read the absorbance at 540 nm. The remaining blood samples were stored in the fridge for further analysis of cytokines, proteins-related to iron metabolism and molecular study.


    2.5. Measurement of cytokines and iron metabolism indicators


    The protein expression of hepcidin, sTFR, IL6 and EPO was determined by using enzyme-linked immunosorbent assay. Measurements of hepcidin and sTFR (Elabscience, Wuhan, China), IL6 (Sigma-Aldrich, St. Louis, MO, USA), IL4, transforming growth factor β (TGFß) and EPO serum levels (Biolegend; San Diego, CA, USA), were performed by using manufacturer’s protocols.


    2.6. Molecular studies


    We prepared 34 blood samples from 11 anemic and 23 nonanemic pregnant women. Total DNA was extracted from 200 μL blood samples by using TIANamp Genomic DNA Kit (Tiangen Biotech, Beijing, China). For amplification of exon 4 in TFR2 gene, the primer design was based on a published study (forward – 5’ TCTGGCATCCTTCCCTCTTC 3’ and reverse – 5’ ACGGATCCGGGAATTGCAG 3’)[bookmark: ft15][15]. The gene target was amplified by using polymerase chain reaction which was initiated by denaturation at 95 °C for 5 min and followed by 35 polymerase chain reaction cycles: denaturation at 95 °C for 1 min, annealing at 57 °C for 1 min and elongation at 57 °C for 1 min. Therefore, amplified DNA products were confirmed by 2.5% gel agarose. DNA sequencing was then performed by using a Big Dye Terminator Cycle Sequencing (Applied Biosystems, CA, USA). CLUSTAL W (version 1.4) was performed for multiple alignments with the reference sequence (accession number: NG_007989).


    2.7. Statistical analysis


    All data were presented as mean±standard deviation (mean±SD) and were analyzed by using SPSS 20.0 for Windows (SPSS, Inc., Chicago, IL, USA). Normality and homogeneity tests were performed to determine whether the data were analyzed using parametric or non parametric test. The Student’s t-test was used to analyze parametric data and the Mann Whitney test was used for the analysis of nonparametric data. The Spearman correlation test was also conducted to determine the association between two variables. The significant value was set up at P less than 0.05.


    3. Results


    3.1. Socio-demographic characteristics


    A total of 113 study participants joined to this study but 7 study participants were excluded due to incomplete data [Table - 1]. Anemia was found in 27(25.47%) pregnant women. The range of age in both anemia and non anemia groups was similar from 25 to 30 years old and they were mostly within the second trimester period of pregnancy. Among anemic and nonanemic pregnant women, most cases included in this study were in the secundigravida and primigravida, respectively. The highest proportion of education in both groups was in senior high school (data not shown).


    
      
        	[image: ]

        	Table 1: Sociodemographic characteristics and hematological parameters among anemic and nonanemic pregnant women.
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    3.2. Hb levels, erythrocyte indices and white blood cell count


    From [Table - 1], all anemic pregnant women had significant lower mean Hb levels, and erythrocyte indices than nonanemic pregnant women. White blood counts of the anemia group were also lower than the non anemia group, but the difference was not significant. In addition, the mean corpuscular volume, mean corpuscular haemoglobin, and mean corpuscular hemoglobin concentration levels in anemia group were in normal range.


    3.3. Cytokines levels increased among anemic pregnant women


    The protein levels of several cytokines such as IL6, IL4 and TGFß which may influnce iron homeostasis were shown in [Figure - 1]. Slightly increases but not significant in those of IL6, IL4 and TGFß were observed in the anemic group when compared to the non anemia group [Figure - 1]A, [Figure - 1]B, [Figure - 1]C. However, hepcidin and sTFR levels were lower among anemic pregnant women than that of nonanemic pregnant women but the differences were not significant. EPO level was significantly (P<0.01) higher in the anemia group, compared to the non anemia group [Figure - 1]D, [Figure - 1]E, [Figure - 1]F. Elevated EPO protein stimulated erythropoiesis process, which resulted in inhibition of hepcidin level.
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        	Figure 1: Protein levels related to iron homeostasis in pregnant women. (A, B) Expression levels of interleukin 6 (IL6) and interleukin 4 (IL4) were slightly higher in anemic pregnant women but not significant; (C) Increase of transforming growth factor β (TGF β) in anemic condition; (D) Erythropoietin levels increased significantly in anemic pregnant women; (E) Expression level of soluble transferrin receptor decreased in anemic pregnant women but not significant; (F) Decreased hepcidin level but not statistically significant was shown in the anemia group. ns= non significant; **P<0.01.
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    3.4. Novel genetic variants of TFR2 exon 4


    Growing evidence suggested that exon 4 of TFR2 gene was frequently mutated in some iron-related diseases such as hemochromatosis. Even we recognized that hemochromatosis had totally different symptoms from anemia, but both diseases were underlined by iron metabolism disorder. Therefore, we assessed whether or not mutation of TFR2 gene in exon 4 had an impact on anemic condition [Table - 2].
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        	Table 2: Genetic variants identified in exon 4 of TFR2 gene.
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    A 605T>C synonymous mutation was the most frequent mutation in both groups. A 603A>T mutation which may led to the substitution of isoleucine to phenylalanine were also found in both groups. Furthermore, 4 different variants in nucleotide 606 were observed in two groups but less frequent.


    4. Discussion


    The overall prevalence of anemia in pregnant women was 25.47% in this study and was lower than the national prevalence, according to National Health Services data (56%)[bookmark: ft4][4]. This low prevalence of anemia was also similar to another study within a different city in Java Island[bookmark: ft16][16]. However, other studies in Bali and Sumatra Islands reported that anemia among pregnant women was 46.2% and 40.7%, respectively[bookmark: ft17][17],[bookmark: ft18][18]. In the present study, our data were based on small numbers of samples and only localized in some small areas, Boyolali Regency. Boyolali is located in Central Java where has more educated individuals with good nutritional intake than other areas in Indonesia. Based on our data, we can exclude such factors that affect anemia incidences from the sample population.


    The TFR2 protein forms a complex with Fe-loaded transferrin and hemochromatosis-associated molecule to stimulate hepcidin expression[bookmark: ft8][8]. Consistent to the hepcidin level, the expression of TFR2 was also decreased as shown by decrease of sTFR level. It was also supplemented by the significant increase of EPO expression, the inhibitor of hepcidin expression and the marker of erythropoiesis activity[bookmark: ft19][19]. Therefore, it suggested that TFR2 might be more physiologically relevant to the signaling process of hepcidin expression than other regulators such as IL6. Thus, we determined the molecular profile of TFR2 in exon 4, which had previously reported to be involved in iron homeostasis[bookmark: ft12][12],[bookmark: ft13][13]. Our results showed that TFR2 exon 4 exhibited novel 3 mutational sites in position 603, 605 and 606.


    The TFR2 protein has two isoforms, TFR2α and TFR2β respectively. All exons are responsible for transcriptional process of TFR2α whilst TFR2β transcription site is within exon 4. The TFR2a protein can be found in hepatocytes and erythroid cell line and the TFR2β is primarily expressed in reticuloendothelial cells on various tissues[bookmark: ft20][20]. A previous animal study[bookmark: ft21][21] found that TFR2α KO mice exhibited anemia at young age even with normal transferrin saturation, liver iron concentration, and serum levels of hepcidin, and BMP6. Our result showed that anemia occurred in mutated exon 4 TFR2 gene among pregnant women, suggesting the important role of exon 4 variants in TFR2 gene.


    Previous study suggested that anti-inflammatory cytokines related to T-helper 2 are essentials in maintaining pregnancy processes. Maternal immune tolerance towards fetal growth is needed during pregnancy because fetus is a semiallograft, which may cause an immune reaction, similar to the rejection of allograft in transplantation. IL4 and IL10 are major anti-inflammatory cytokines that are produced and activated by particular immune cells such as T cells, mast cells, basophils, eosinophils, and natural killer T cells. IL4 supports T-helper 2 response and induces the activation of signal transducer and activator of transcription signaling, which later inhibit T-helper 1 activity and its cytokines such as IL6 through down-regulation of interferon-gamma. In our study, we found different results where IL4 levels were higher in anemic pregnant women than the controls but not significant. It may suggest that IL4 did not play an important role in regulating immune processes among pregnant women in Central Java[bookmark: ft22][22].


    In theory, the increased expression of IL4 was followed by decreased IL6 expression, but our data indicated a slightly elevation of IL4 and IL6 but not statistically significant in anemic women. This is a paradoxical finding because IL6 regulates hepcidin transcription and causes hypoferremia[bookmark: ft8][8]. We speculated that bacterial infections may also have an impact on anemia condition among pregnant women since a previous study[bookmark: ft23][23] reported that IL6 increased among Japanese adults with iron deficiency and history of Helicobacter pylori infection.


    Current understanding indicates that hepcidin controls iron homeostasis to reduce iron efflux via its binding to ferroportin. However, some authors discovered that hepcidin level declined[bookmark: ft24][24]. In vivo approach has proved that the lower level of hepcidin is required to maintain fetal viability because excessive level of hepcidin caused severe iron deficiency anemia in fetus, which was lethal during its birth[bookmark: ft25][25]. Reduced hepcidin level might also be an indicator of iron deficiency anemia during pregnancy[bookmark: ft24][24].


    In addition, other authors investigated that increased IL4 expression was correlated to hepcidin levels in different spectrum diseases such as malaria-related anemia and Kawasaki disease[bookmark: ft26][26],[bookmark: ft27][27]. Meanwhile, TGFß which regulates hepcidin level through SMAD signaling was also elevated[bookmark: ft28][28],[bookmark: ft29][29].


    With regards to EPO and hepcidin levels in our study, these parameters can vary between iron deficiency anemia and control groups, which were also similar to the previous study[bookmark: ft30][30]. These results might raise a preliminary insight if the hematology parameters and cytokines only would not be the ideal indicators of anemia status and progression in anemic pregnant women.


    In conclusion, our findings suggest that there are various factors contributing to anemia incidence among pregnant women in Central Java, Indonesia. Our novel findings showed that exon 4 of TFR2 gene has 3 mutational sites in position 603, 605 and 606. These novel genetic variants may give a new insight towards the TFR2 role in anemia. However, the number of our study population is limited and does not represent ethnic heterogeneity in Indonesia. Hence, further investigation from different regions in Indonesia is required to understand the specific role of TFR2 variation among anemic pregnant women.
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  Figure 1: Protein levels related to iron homeostasis in pregnant women. (A, B) Expression levels of interleukin 6 (IL6) and interleukin 4 (IL4) were slightly higher in anemic pregnant women but not significant; (C) Increase of transforming growth factor β (TGF β) in anemic condition; (D) Erythropoietin levels increased significantly in anemic pregnant women; (E) Expression level of soluble transferrin receptor decreased in anemic pregnant women but not significant; (F) Decreased hepcidin level but not statistically significant was shown in the anemia group. ns= non significant; **P<0.01.
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  Table 1: Sociodemographic characteristics and hematological parameters among anemic and nonanemic pregnant women.
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  Table 2: Genetic variants identified in exon 4 of TFR2
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Anemia Non anemia

Characteristics and parameters ) (79 P

Age (years)” 27.0725.94 26.8626.05

Gestational age (weeks)” 19.22+4.97 18.92+6.07

Height (cm)” 149.00+7.38 153.00+5.05

Weight (kg)" 503326.51 51.03+7.02

History of pregnancy [(%)]"
Primigravida 9(33.33%) 31(39.24%)
Secundigravida 13(48.15%) 29(36.71%)
23 multigravida 5(18.52%) 19(24.05%)

Hematological parameters”
Hemoglobin (/dL) 9.70+0.67 11.56+0.74 0.001
Mean corpuscular volume (fL.) 80.0327.29 85.2047.01 0.001
Mean corpuscular haemoglobin (pg) 28.28+3.00 0.001
Mean corpuscular hemoglobin concentration (%)~ 35.37+0.86 35.98+0.73 0.004
White blood cell counts (x10° cell/uLL) 9.474:0.844 9.83122.008 0310

hi-square test was used to analyze statistical difference in history of pregnancy. *Statistical significance of remaining characteristics was analyzed by using
Student's -test for parametric data or Mann-Whitney for non-parametric data. Normal hemoglobin >11g/dL within the 1st and 3rd trimester and >10.5 g/dL.
within the seeond trimester: Mean corpuscular volume: 80100 fL: Mean corpuscular hacmoglobin: 26-34 pg: Mean corpuscular hemoglobin concentration:
319%-37%: White blood cell: 3.5-10.5 cells/yL.
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Position Mutations Y [n%)] Correlation
Ancmia (n=11) Non Ancmia (n=23) v P
Nucleotide 603 603A>T 104347 0.116 0513
e 605del T 0 100.04%) 0,270 0.123
605T>C 7(63.63%) 20(86.96%)
606delC 2(18.18%) 2(0.09%)
Nucleotide 606 606C>A 0 100.04%) 0.114 0520
606C>T 100.09%) 1(0.04%)
606C>G 0 1(0.04%)
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