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Abstract

Objective: The aim of this study was to evaluate the effect of TFR2 on iron storage in type 
2 diabetes.
Methods: A cross-sectional study was conducted among 1938 participants from the 
Jiangchuan Community of Shanghai. A total of 784 participants with T2DM and 1154 
normal participants (non-T2DM) were enrolled in this study. Serum ferritin, fasting blood 
glucose, postprandial blood glucose, and HbA1C (glycated hemoglobin A1c) levels were 
determined. Eighteen Wistar male rats were randomly assigned into three groups  
(n = 6/group): rats in a high-fat diet streptozotocin (HFD+STZ) group were fed with 
HFD for 4 weeks and intraperitoneally injected with streptozotocin (STZ); rats in a 
control group were fed with a standard diet for 4 weeks and intraperitoneally injected 
with buffer; rats in an STZ group were fed with a standard diet for 4 weeks and 
intraperitoneally injected with streptozotocin. Glucose tolerance test was performed at 
the end of the study. Blood samples and liver tissues were assessed for liver TFR2, blood 
glucose, serum ferritin, and iron levels.
Results: The mean serum ferritin level of T2DM participants was significantly higher than 
that of the control group (227 (140–352) vs 203.5 (130.5–312) ng/mL, P < 0.05). Serum 
ferritin level was an independent risk factor for T2DM (high ferritin group vs low ferritin 
group, 1.304 (1.03–1.651), P < 0.05). Diabetic rats showed reduced liver TFR2 levels, with 
increased serum ferritin levels.
Conclusion: T2DM participants exhibited iron disorder with elevated serum ferritin levels. 
Elevated serum ferritin levels in diabetic rats were accompanied by reduced liver  
TFR2 levels.

Introduction

There is a close association between type 2 diabetes 
mellitus (T2DM) and iron overload (1, 2, 3). The association 
between diabetes and iron metabolism in humans was 
first demonstrated by clinical observations of individuals 
with hereditary hemochromatosis (4). Subsequently, an 
increasing number of studies have verified that patients 
with diabetes show varying iron overload, and excess 
iron could aggravate insulin resistance during the disease 
process (5, 6). The impact of iron overload in patients 

with diabetes has prompted researchers to explore 
the underlying mechanisms of iron accumulation in  
T2DM patients.

Iron is essential for fundamental metabolic processes 
in cells and organisms. It circulates in plasma bound to the 
glycoprotein transferrin, and iron metabolism is balanced 
by a regulatory system, which functions systemically 
and relies on the hormone hepcidin (HAMP). As the 
central regulatory molecule of systemic iron homeostasis, 
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HAMP was found to decline in diabetic patients with 
hyperferritinemia, suggesting that HAMP plays a potential 
role in iron overload in T2DM. Furthermore, Wang et al. (7) 
confirmed such role of iron overload in diabetic rats.

However, the liver is the major iron-regulating organ 
that synthesizes numerous iron-related genes encoding 
transferrin (TF), transferrin receptor 2 (TFR2), and HAMP 
(1, 8, 9). TFR2 is a TF receptor that binds to TF with a lower 
affinity than that of transferrin receptor 1 (TFR1) (10, 11). 
Along with the loss of functional TFR2, iron accumulates 
in some organs, including the liver. Therefore, TFR2 is 
important for iron metabolism. Previous studies have 
demonstrated that T2DM causes iron overload due to the 
downregulation of HAMP. However, whether the level of 
TFR2 decreases with elevated serum ferritin levels remains 
elusive in diabetic rats.

To evaluate the effect of TFR2 on iron storage in 
T2DM, this study explored serum iron metabolism-
related indicators in 1938 patients from the Jiangchuan 
Community of Shanghai and in streptozotocin-induced 
T2DM rats. Furthermore, the expression of liver-specific 
TFR2 was detected in T2DM rats.

Materials and methods

Human subjects

All community-dwelling participants aged ≥ 35 years in 
the Jiangchuan Community of Shanghai were recruited to 
a platform of a chronic disease (PCD) prevention program 

for a routine medical checkup from March to August 2010. 
Those who refused to participate in the study were excluded, 
while included participants provided informed consent. 
Diabetes was confirmed by OGTT (oral glucose tolerance 
test) based on the diagnostic criteria recommended by the 
American Diabetes Association, 1997: (i) typical symptoms 
of diabetes (polydipsia, polyuria, polyphagia, and weight 
loss) plus random plasma glucose ≥ 11.1 mmol/L, or (ii) 
FBG (fasting blood glucose) ≥ 7.0 mmol/L, or (iii) OGTT 
2hBG (2 hours blood glucose) ≥ 11.1 mmol/L (12).

In total, 2378 participants aged 35 to 91 years (median 
age, 70 years) were included in the study. Participants were 
excluded for the following reasons: (i) presence of any 
infectious disease 2 weeks prior to screening blood test 
(25), (ii) abnormal liver function (19), (iii) viral infection 
or positive carrier status (hepatitis B virus, syphilis, or HIV) 
(17), and (iv) iron-deficiency anemia and other disorders 
related to iron metabolism (67). A total of 312 participants 
had missing serum ferritin data because they had no blood 
samples. The study procedure is described in Fig. 1.

Therefore, 1938 participants (38–89 years (median age, 
70 years)) were included in the final analysis. A total of 
784 participants with T2DM and 1154 normal participants 
(non-T2DM) were enrolled in this study.

A median split (based on serum ferritin levels, cut-off 
level, 211.5 ng/mL) was used to divide the participants into 
low and high serum ferritin groups.

Hypertension was defined as systolic blood pressure 
(SBP) ≥ 140 mmHg or diastolic blood pressure (DBP)  
≥ 90 mmHg.

Figure 1
Flow chart of this study.
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Equations to estimate glomerular filtration rate (eGFR) 
require serum creatinine and a combination of age, sex, 
ethnicity, and body size as surrogates for the non-GFR 
determinants of serum creatinine. We used previously 
reported modification of diet in renal disease (MDRD) 
equations for individuals from China and Japan (13).

Four hundred sixty-two participants were on oral 
antihyperglycemic therapy or insulin, 968 were on 
antihypertensive medicines, and 140 were on lipid 
lowering therapy.

Biochemical measurements

After a 12 h overnight fast, blood samples were collected 
from the antecubital vein, and the sera were separated 
and stored at −80°C for analyses. Glucose levels were 
measured using a Dimension Vista analyzer (Siemens AG). 
Serum ferritin levels were measured using a microparticle 
enzyme immunoassay with an Axsym System (Abbott 
Laboratories).

Animal experiments

The animal experimental protocols were approved by 
the Animal Ethics Committee of Shanghai Jiao Tong 
University, Shanghai, China (A2015072). Eighteen male 
Wistar rats (160–180 g) were housed individually under a 
controlled 12 h light:12 h darkness cycle and temperature 
conditions with free access to water and a standard rat diet 
(SLRC Animal Feed Department, Shanghai, China). The 
rats were randomly divided into the following three groups 
and were treated as indicated: control (n = 6), rats were fed 
with a standard diet for 4 weeks and then intraperitoneally 
injected with the buffer; SZT group (n = 6), rats were fed 
with a standard diet for 4 weeks and then intraperitoneally 
injected with STZ (25 mg/kg, Sigma); high-fat diet (HFD) 
plus STZ group (n = 6), rats were fed with a HFD for 4 weeks 
and then intraperitoneally injected with STZ (25 mg/kg).  
The HFD (Research Diets, D12451, USA) contained crude 
protein 24/100 g (20% kcal), carbohydrate 41/100 g  
(35% kcal), fat 24/100 g (45% kcal), and iron 3.5 mg/100 
g. The standard rat diet contained crude protein 20.5/100 
g (23% kcal), carbohydrate 56.85/100 g (65% kcal), fat 
4.62/100 g (11% kcal), and iron ≥ 100 mg/kg.

Body weight and blood glucose levels were 
monitored weekly. Glucose levels were measured using 
a glucometer (Gluco Touch, Roche) by pricking the 
rats’ tails. Intraperitoneal glucose tolerance test (IPGTT) 
was performed during the last week of the experiment. 
After a 12 h fast, each group was injected with glucose  

(i.p. 2.0 g/kg) for IPGTT. Blood samples were collected from 
the tails at 0, 30, 60, 90, and 120 min to estimate blood 
glucose levels. After a 3-day recovery period, all rats were 
euthanized using pentobarbital sodium. The serum insulin 
levels of the rats were quantified using rat ELISA kits (TSZ, 
San Francisco, CA, USA). A homeostasis model assessment 
(HOMA) method refers to the described equation as follows: 
HOMA-IR = FBG (mmol/L) × FINS (mUI/L)/22.5 (7).

Iron metabolism-related parameters

The rat sera were harvested and stored at −80°C after 
centrifugation at 3000 g for 10 min at 4°C. Serum iron levels 
were analyzed using colorimetric analysis kits (Nanjing Jian 
Cheng Biotechnology Institute, Nanjing, China). Serum 
ferritin, TF, and HAMP levels in rats were quantitated using 
rat ELISA kits (anti-ferritin, anti-TF, anti-HAMP; TSZ, San 
Francisco, CA, USA).

Western blotting

Homogenates of the rat livers were prepared for Western 
blotting (WB) using anti-TFR2 and anti-glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) antibodies (both from 
Abcam). The signals were quantified using densitometry 
and normalized to GAPDH levels. Band scan 5.0 was used 
to quantify the Western signals.

Statistical analysis

The data are presented as mean ± s.d., unless otherwise 
noted. The t-test was used for between-group comparisons 
of continuous variables and the χ2 test for categorical 
variables. Skewed variables were expressed as median 
(interquartile range (IQR)), and the rank sum test was 
used to compare the differences between the two groups. 
Logistic regression analysis was performed to detect the 
predictability of serum ferritin levels in patients with 
T2DM. All statistical analyses were performed using 
Statistical Package for the Social Sciences (version 25.0; 
IBM SPSS Inc.). All P-values were two-tailed, and statistical 
significance was set at P < 0.05.

Results

Descriptive characteristics of the subjects

Table 1 shows the distribution of demographic and 
clinical variables between the non-T2DM and T2DM 
groups. There was no significant difference in sex 
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distribution and age between the two groups (P = 0.347 and 
P = 0.054, respectively). Participants in the T2DM group had 
significantly higher FBG, postprandial blood glucose, BMI, 
SBP, triglyceride (TG), low-density lipoprotein cholesterol 
(LDL-c), and eGFR than those in the non-T2DM group 
(P < 0.05). Serum ferritin levels in the T2DM group were 
higher than those of the non-T2DM groups (227 (140–352) 
vs 203.5 (130.5–312) ng/mL, P < 0.05).

Serum iron and TF level of participants in the T2DM 
group were both higher than in the non-T2DM group 
(serum iron, 21.53 ± 5.45 vs 21.53 ± 4.93 µmol/L, P = 0.017; 
serum TF, 2.69 ± 0.37 vs 2.42 ± 0.33 g/L, P < 0.001). The 
iron saturation of participants in the T2DM group was also 
higher than in the non-T2DM group (37.03% (30.37–49) vs 
34.35% (28.45–40.99), P = 0.007) (Fig. 2).

Human serum ferritin was an independent risk 
factor for T2DM

Logistic regression analysis with enter selection was 
performed to estimate the predictive ability of serum 
ferritin levels for T2DM. After adjusting for age, sex, 
BMI, total cholesterol (TC), TG, high-density lipoprotein 
cholesterol (HDL-c), LDL-c, eGFR, and history of HBP, 
serum ferritin (the high ferritin group vs the low ferritin 
group, 1.304 (1.03–1.651), P < 0.05) were independent risk 
factors for T2DM (Table 2).

To eliminate the influence of medication on the 
results, logistic regression analysis in participants without 

Table 1 Distribution of demographic and clinical variables among the healthy control and type 2 diabetic patients.

Non-T2DM T2DM P

n 1154 784
Age (years) 69.99 ± 6.81 69.27 ± 8.66 0.054
Men (%) 502 (58.40) 358 (41.60) 0.347
BMI (kg/m2) 24.17 ± 3.35 24.8 ± 3.85 <0.001
SBP (mmHg) 135 ± 16 137 ± 18 0.001
DBP (mmHg) 79 ± 9 80 ± 9 0.331
History of HBP (%) 605 (55.4) 381 (72.7) <0.001
TC (mmol/L) 5.62 ± 0.93 5.55 ± 1.32 0.191
TG (mmol/L) 1.92 ± 1.24 2.16 ± 1.58 <0.001
HDL-c (mmol/L) 1.52 ± 0.31 1.37 ± 0.37 <0.001
LDL-c (mmol/L) 3.08 ± 0.59 3.16 ± 0.8 0.032
Cr (µmol/L) 73.13 ± 17.48 75.66 ± 30.37 0.039
eGFR (mL/min/1.73 m2) 87.95 ± 18.19 85.94 ± 21.74 0.042
ALT(u/L) 20 (16–26) 21.9 (16–30) 0.003
HbA1C (%) 5.83 (5.48–6.24) 7.79 (7–9.03) <0.001
FBG (mmol/L) 5.63 (5.27–6.01) 7.28 (6.25–8.61) <0.001
2hBG (mmol/L) 7.8 (6.8–8.9) 12.55 (10.4–15.3) <0.001
Ferritin (ng/mL) 203.5 (130.5–312) 227 (140–352) 0.002

Data are mean ± s.d., median (interquartile range) or n (%).
Cr, creatinine; DBP, diastolic blood pressure; eGFR, glomerular filtration rate; HBP, high blood pressure; HDL-c, high-density lipoprotein cholesterol; 
LDL-c, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.

Figure 2
Serum ferritin, iron, transferrin levels, and iron saturation in participants 
with and without T2DM. (A and B) Serum ferritin and iron levels in 
non-T2DM group and T2DM group. (C and D) Serum transferrin level and 
iron saturation in different groups. Data are the means ± s.d., median 
(interquartile range) of two independent experiments.
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medication was performed in the subgroup. The results 
showed that serum ferritin level was an independent risk 
factor for T2DM in the subgroups (Table 3).

Effect of STZ administration and HFD on body 
weight, fasting glucose, and glucose tolerance

The rats exhibited diabetic profiles with reduced body 
weight and hyperglycemia (Fig. 3A and B) after STZ and 
STZ + HFD administration. All rats were subjected to 
IPGTT at the end of 12th week, and the blood glucose was 
measured at 0, 30, 60, 90, and 120 min after administration 
of 50% glucose solution (2 g/kg body weight). A significant 
increase in the blood glucose of rats in the STZ group was 
observed at different IPGTT times, as well as in the rats of 
the HFD+STZ group, accompanied by higher AUCs (area 
under curve) in the diabetic rats than in the normal rats 
(P < 0.01) (Fig. 3C and D). HOMA-insulin resistance (IR) 
of rats in the STZ and HFD+STZ groups was significantly 
higher than that of the control group (P < 0.001) (Fig. 3F). 
The serum insulin levels of rats in the STZ and HFD+STZ 
groups were both lower than that of the control group 
(P < 0.01) (Fig. 3E).

Effect of STZ administration and HFD on serum 
iron, serum ferritin, serum transferrin, and 
serum hepcidin

The serum iron levels of rats in both the STZ and HFD + STZ 
groups were increased compared to the control group 
(STZ group vs control group, 46.12 ± 14.38 vs 40.28 ± 4.96, 
P = 0.369; HFD + STZ vs control group, 70.11 ± 9.57 vs 
40.28 ± 4.96, P < 0.001, Fig. 4B). The changes in serum 

Table 2 Logistic regression analysis (enter method) to 
determine the risk factors for T2DM in the study compared 
with non-T2DM.

Total
OR (95% CI) P

Gender
 Male Reference
 Female 0.932 (0.725–1.198) 0.584
Age 1.051 (1.031–1.072) <0.001
BMI 1.005 (0.97–1.04) 0.791
TC 1.086 (0.799–1.475) 0.598
TG 1.1 (0.959–1.263) 0.174
HDL 0.829 (0.484–1.42) 0.496
LDL 1.342 (0.865–2.08) 0.189
eGFR 1.001 (0.995–1.007) 0.72
HBP
 No Reference
 Yes 2.012 (1.567–2.584) < 0.001
Ferritina

 1st Reference
 2st 1.304 (1.03–1.651) 0.027

aA median split (based on serum ferritin levels, the cut-off level,  
211.5 ng/mL) was used to divide the participants into low and high  
serum ferritin groups.
Cr, creatinine; DBP, diastolic blood pressure; eGFR, glomerular filtration 
rate; HBP, high blood pressure; HDL-c, high-density lipoprotein 
cholesterol; LDL-c, low-density lipoprotein cholesterol; SBP, systolic blood 
pressure; TC, total cholesterol; TG, triglyceride.

Table 3 Logistic regression analysis (enter method) was performed in the subgroup to determine the risk factors for T2DM in 
participants without medication.

Participants without  
antihyperglycemic therapy

Participants without  
antihypertensive therapy

Participants without lipid  
lowering therapy

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Gender
 Male Reference
 Female 0.787 (0.557–1.111) 0.173 1.249 (0.825–1.891) 0.294 0.927 (0.72–1.195) 0.561
Age 1.052 (1.025–1.081) <0.001 1.08 (1.045–1.116) <0.001 1.053 (1.032–1.074) <0.001
BMI 1.031 (0.984–1.081) 0.203 1.023 (0.966–1.083) 0.44 1.007 (0.972–1.043) 0.711
TC 1.355 (0.899–2.042) 0.147 0.853 (0.494–1.472) 0.567 1.09 (0.801–1.485) 0.582
TG 1.095 (0.921–1.301) 0.305 1.607 (1.194–2.163) 0.002 1.11 (0.967–1.275) 0.139
HDL 0.654 (0.315–1.359) 0.255 1.808 (0.716–4.564) 0.21 0.875 (0.509–1.505) 0.629
LDL 0.998 (0.556–1.793) 0.995 1.868 (0.879–3.97) 0.104 1.35 (0.868–2.099) 0.183
eGFR 1.004 (0.995–1.012) 0.397 0.998 (0.988–1.009) 0.769 1.001 (0.995–1.007) 0.747
HBP
 No Reference
 Yes 1.466 (1.05–2.046) 0.025 2.007 (1.272–3.168) 0.003 1.968 (1.529–2.533) <0.001
Ferritin
 1st Reference
 2st 1.477 (1.072–2.034) 0.017 1.521 (1.034–2.237) 0.033 1.304 (1.028–1.653) 0.029

Cr, creatinine; DBP, diastolic blood pressure; eGFR, glomerular filtration rate; HBP, high blood pressure; HDL-c, high-density lipoprotein cholesterol; 
LDL-c, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
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ferritin (STZ group vs control group, 4.57 ± 0.10 vs 4.44 ± 0.14 
ng/mL, P = 0.100; HFD + STZ vs control group, 4.59 ± 0.06 
vs 4.44 ± 0.14 ng/mL, P = 0.03, 4A) and serum TF (STZ group 
vs control group, 6.89 ± 0.28 vs 6.51 ± 0.28 mg/L, P = 0.037; 
HFD + STZ vs control group, 6.93 ± 0.27 vs 6.51 ± 0.28, 
P = 0.024, mg/L, Fig. 4C) were similar to that of iron. Due 
to the importance of HAMP in iron regulation, we detected 
the serum HAMP levels in each group. The serum HAMP 
level of rats both in the STZ and HFD + STZ groups was 
decreased compared to the control group (STZ group vs 

control group, 7.61 ± 1.38 vs 8.92 ± 1.05 µg/L, P = 0.369; 
HFD + STZ vs control group, 7.15 ± 0.84 vs 8.92 ± 1.05 µg/L, 
P = 0.009, Fig. 4D).

Alteration of hepatic TFR2 protein level in different 
animal groups

To detect the protein expression of TFR2, we performed  
WB. The rats in the HFD + STZ group exhibited a 40% 
reduction in liver TFR2 expression as compared to the 
control group (P < 0.05), and the rats in the STZ group 
showed a 12% reduction compared to the control group 
(P > 0.05, Fig. 4E and F). The correlation between liver 
TFR2 and serum insulin levels was explored, and a positive 
association was found (r = 0.649, P = 0.004, Fig. 4G).

Discussion

In this study, we demonstrated iron overload in patients 
with T2DM, manifested as an elevation of serum ferritin 
levels, thereby reflecting tissue iron stores. Furthermore, we 
also confirmed that iron overload presented with increased 
serum iron and ferritin levels in STZ-induced diabetic rats 
were fed with an HFD. Given the importance of HAMP in 
iron homeostasis, this study verified a reduction in serum 
HAMP levels in diabetic rats. More importantly, the study 
indicated a significantly reduced TFR2 protein level in the 
liver of T2DM rats, suggesting that decreased TFR2 may 
play an important role in iron overload in T2DM.

Iron overload is associated with T2DM, including its 
development and complications (1, 2, 3). However, the 
underlying mechanisms of iron metabolism disorders in 
T2DM are still unclear. The liver is the major iron storage 
organ that synthesizes numerous iron-related genes 
encoding TFR2 and HAMP as the main regulators of iron 
metabolism (7, 14, 15, 16, 17); therefore, the liver is the 
key regulator of iron homeostasis. Decreased serum pro-
HAMP levels were recently reported in T2DM patients 
(18), but whether TFR2 has changed is still unknown. We 
hypothesized that TFR2 may be reduced in patients with 
T2DM, accompanied by elevated serum ferritin levels.

Serum ferritin levels were significantly higher in 
T2DM participants than in non-diabetic participants. This 
finding is in agreement with that of previous studies (19, 
20, 21). In this study, we verified that serum ferritin level 
was an independent risk factor for T2DM.

To further explore the underlying mechanisms of 
iron metabolism disorder in T2DM, we demonstrated 
iron metabolism disorder in STZ-induced diabetic rats fed 

Figure 3
Bodyweight, blood glucose, IPGTT, serum insulin, and HOMA-IR in rats of 
different groups. (A and B) Bodyweight and blood glucose were 
monitored once weekly throughout the experiment (n = 6). (C) Blood 
glucose was measured during the last week after glucose injections  
(n = 6). (D) AUC (area under curve) of GTT (n = 6). (E and F) HOMA-IR and 
serum insulin were analyzed at the end of the experiment (n = 6). 
HFD+STZ: high-fat diet (HFD) + STZ; STZ: normal diet + STZ; control: normal 
diet. Data are expressed as means ± s.d. for three groups of six rats. 
One-way ANOVA, followed by LSD t and SNK post hoc test, was performed 
to analyze the difference between the three groups. Differences were 
considered as significant at P < 0.05. *Significantly different from controls, 
*P < 0.05; **P < 0.01; ***P < 0.001.
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with an HFD, as elucidated by the elevations in the serum  
ferritin and serum iron levels. These results concur with 
those of previous studies (22, 23, 24). Saravanan et al. (23) 
showed that serum iron was increased in STZ rats, and 
Dogukan et  al. (17) reported that STZ injection following 
HFD intake markedly increased hepatic and serum 
iron levels. There is little consensus on the underlying 
mechanisms of iron metabolism disorders in T2DM. 
However, Wang et al. found that HAMP plays an important 
role in diabetic rats. In this study, serum HAMP levels were 
significantly reduced in HFD + STZ rats.

Some studies have demonstrated that mutations in 
the TFR2 gene cause iron overload in the body (25, 26). 
Hence, we investigated the changes in TFR2 in diabetic 
rats and found a reduction in the level of TFR2 protein in 
T2DM rats. To the best of our knowledge, no other study 
has reported reduced TFR2 in T2DM rats. TFR2 expression 
is limited predominantly to hepatocytes and is not 
regulated by intracellular iron, which indicates that TFR2 
may function, not principally in cellular iron uptake 
and delivery, but rather in systemic iron homeostasis. 

However, further experiments are necessary to verify  
this finding.

There were some limitations to this study. First, this was 
a cross-sectional study. Although we tried to avoid possible 
confounding factors, due to the inherent limitations of 
the cross-sectional study, there were some factors which 
we were unable to avoid. In the future, we will attempt 
to conduct cohort studies. Secondly, further research in 
humans and animal studies should be performed to clarify 
the pathway for decreased TFR2.

Conclusion

In conclusion, our study has demonstrated an elevation of 
serum ferritin levels in T2DM patients. Moreover, serum 
ferritin level was an independent risk factor for T2DM.  
We have also shown evidence that serum HAMP level 
and liver TFR2 in diabetic rats were lower than those in 
the control group, which suggests that TFR2 may play an 
important role in hyperferritinemia in T2DM, implying a 
potential therapeutic target for iron overload in T2DM.

Figure 4
Effect of STZ administration with and without HFD on serum iron, serum ferritin, and serum hepcidin in rats and expression of transferrin receptor 2 
(TFR2) in rats of different group. (A, C, and D) Serum ferritin, transferrin, and hepcidin levels of the rats were analyzed using ELISA kits (n = 6). (B) Serum 
iron levels of each rat using colorimetric analysis kits (n = 6). (E and F) The protein levels of hepatic TFR2 were analyzed using Western blot (WB) analysis 
(n = 4). (G) The correlation between liver TFR2 level and serum insulin level was explored. HFD + STZ: high-fat diet (HFD) + STZ; STZ: normal diet + STZ; 
control: normal diet. Data are expressed as means ± s.d. for three groups of six rats. One-way ANOVA, followed by LSD t and SNK post hoc test, was 
performed to analyze the difference between the three groups. Differences were considered as significant at P < 0.05. *Significantly different from 
controls, *P < 0.05; **P < 0.01; ***P < 0.001.
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