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Background: Type 2 diabetes mellitus (T2DM) is growing illnesses associated with metabolic dysregulation such as obesity affecting
a large population become leading causes of death worldwide. Fibronectin type III domain-containing protein 5 (FNDC-5) and
selectin-E were suggested to have effects on metabolism and diabetes, therefore present study aimed to evaluate the clinical
importance of FNDC-5 and selectin-E among the T2DM patients with and without obesity.
Methods: Study included cohort of 200 T2DM patients with and without obesity. We evaluated FNDC-5, selectin-E mRNA
expression as well as vitamin-D, and vitamin-B12 levels in among the T2DM patients with and without obesity.
Results: Study observed significant difference in biochemical parameters included in study. T2DM patients with obesity had
significantly higher fasting blood glucose levels (p<0.0001) and HbA1c (glycated hemoglobin) (p<0.0001) compared to those
T2DM patients without obesity. T2DM patients with obesity also had higher systolic blood pressure (p=0.001), LDL (low density
lipoprotein) (p=0.02), TG (triglycerides) (p=0.02) and cholesterol (p=0.01) compared to T2DM patients without obesity. The mRNA
expression of FNDC-5 (p<0.0001) was lower in T2DM patients with obesity compared to T2DM patients without obesity. It was
observed that the T2DM patients with vitamin-D deficiency had significantly lower FNDC-5 mRNA expression (p=0.03) when
compared with those with sufficient vitamin-D level. T2DM patients with clinically normal vitamin-B12 level expressed 0.60 fold
FNDC-5 mRNA expression while B12 deficient T2DM patients had 0.28 fold FNDC-5 mRNA expression (p=0.005). No as such
significant association was was observed with selectin-E. A negative correlation of FNDC-5 mRNA expression with Post prandial
glucose (mg/dl) (p=0.04) and TG (mg/dl) (p=0.02) was observed.
Conclusion: FNDC-5 down regulation was observed with T2DM with obesity, vitamin-D and vitamin-B12 deficiency suggesting
obesity, vitamin-D and vitamin-B12 deficiency could be the factor for FNDC-5 down-regulation leading to worseness or progression
of disease. We suggest that FNDC-5 down-regulation could be used as an indicator for T2DM worseness and development of other
associated complications.
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Introduction
T2DM and associated comorbidity like obesity is an epidemic health problem that has raised concern worldwide. The
multifactorial causes of T2DM and obesity lead to health burden among all age groups. Prevention can be achieved by
lifestyle and behavioral interventions. However, Because of complex and long-lasting hormonal, metabolic changes, the
effectiveness is limited and these adaptations protect against weight loss and promote weight gain.
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Obesity, excess body weight for height, but this simple definition belies an etiologically complex phenotype primarily
associated with excess adiposity, or body fatness.1 Obesity significantly surges risk of chronic disease morbidity such as
disability, depression, type 2 diabetes, cardiovascular disease.1

FNDC5 encodes irisin hormone has the capacity to trigger beneficial alterations in adipose tissue to improve muscle
activity, it’s a thermogenic adipomyokine made when the precursor plasma membrane protein FNDC5 is cleaved.2 FNDC5
contributes to muscle-adipose tissue crosstalk by converting white to brown fat (browning of adipose tissue) in the metabolic
energy process.3 FNDC5 regulates skeletal muscle, hepatic glucose uptake, and lipid metabolism, and has a protective effect
against hyperlipidemia, hyperglycemia, and metabolic syndrome in obese people,4 and has lower expression in WAT than in
muscle in humans.5 It has been linked to changes in glucose and lipid levels in obese and metabolic syndrome patients6 and
weight loss happens due to decreased FNDC5 mRNA expression in skeletal muscle.7 Selectins are calcium-dependent
transmembrane lectins that include three functionally distinct adhesion molecules expressed as E-selectin, P-selectin, and
L-selectin where selectin-E plays an essential role in cell injury, vascular occlusion, and angiogenesis.8 TNF and IL-1 are
induced by the expression of Selectin-E on endothelial cells,9 In both human and mouse endothelial cells, these cytokines
induce transient transcription after exposure to E-selectin mRNA.10 Selectin-E ligands that are activated during rolling
transduce signals that affect the function of the b2 integrin.11 Role of FNDC5 and selectin-E is novel and not well explored in
T2DM patients with and without obesity. Therefore, Present study aimed to explore the role of FNDC-5, selectin-E mRNA
expression in T2DM cases with and without obesity as well as their association with vitamin-D and B12 level.

Materials and Methods
Study Population and Sample Collection
Present research work included 200 T2DM patients with and without obesity (BMI) and 200 healthy controls. From the
entire study participants 2 mL of peripheral blood samples were withdrawn in plain vial, 2mL in EDTA vials plain vials
and 1 mL collected in fluoride vial.

Blood sample collected in fluoride vials (before and after meals) and EDTA vials were used for diagnosis of T2DM
based on blood glucose and HbA1c level. Diagnostic criteria included, fasting blood glucose (> 126 mg/dL) and
postprandial glucose (2hrs > 200 mg/dL) as well as glycated haemoglobin (HbA1C) were taken in consideration.
Blood samples withdrawn in EDTA vials from all the participants were stored in −80°C for further processing such as
total RNA extraction and blood sample of plain vials were centrifuged to separate the serum for biochemical investiga-
tions. This research study was ethically approved (12/9/176/JMI/IEC/2018) by the ethical committee board, Jamia Millia
Islamia, New Delhi, India and all participants gave their written informed consent before the study began. Present study
was conducted at Department of Biotechnology, Jamia Millia Islamia, New Delhi, India.

Total RNA Extraction, Complementary DNA Synthesis and Quantitative PCR for
Expression Study
Total RNAwas extracted using RNA extraction kit (GeneAid, Taiwan) and further extracted total RNA stored at −70°C. The
quality and concentration of total RNA was checked by taking absorbance on 260/280 ratio using nanophotometer
(NanoPhotometer p330, IMPLEN), further 100ng of total extracted RNA from each study participant was used to generate
the cDNA library using kit (Verso, Thermo Scientific, USA) following manufacturer’s instructions. The expressions of FNDC-5
and Selectin-EmRNAwere analyzed by quantitative real-time PCR using SYBR green dye using specific primer sequences. The
program followed as: qRT-PCR for FNDC-5 (F; 5-CCAGTATGACATCATTGAAGCGT-3 and R; 5-TGCAGTT
GTCCCTCTCCCT-3, 108bp) and Selectin-E (F; 5-AAGGCTTCATGTTGCAGGGA-3 and R; 5-ATTCATGTAG
CCTCGCTCGG-3, 128bp), and β-actin (F; 5- AGCACAGAGCCTCGCCTTT −3 and R; 5- GAGCGCGGCGATATCATCA-
3, 82bp) was performed for 40 cycles, initial denaturation was at 94°C for 35 second, annealing temperature for FNDC-5,
Selectin-E, and β-actin was at 60°C for 35 seconds, extension at 72°C for 35 seconds and 20µL reaction volume was used. To
confirm the target amplification, an additional step at 72°C for 10 minutes was performed to finish the reaction and a melting
curve examination was performed between 35°C and 90°C. A control without cDNAwas included in each experiment, and every
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reaction was done in duplicate. The FNDC-5 and selectin-E mRNA expression levels were calculated using the relative
quantification by 2−(ΔΔCT) method.

Vitamin-D and B12 Level Assessment
Sored serum of T2DM cases and healthy controls in −80°C were thawed further vitamin-D and B12 levels were assessed
by the electrochemiluminescence immunoassay (Cobas e411, Roche, Basel, Switzerland). Serum 25 (OH) D levels ≤20
ng/mL was considered as Vitamin-D deficiency, <30 ng/mL considered as insufficiency and 30ng/mL or above
considered as sufficiency.12 Vitamin B12 deficiency was defined as <148 pmol/L in serum and above was considered
as normal range.13

Statistical Analysis
Data analysis was performed using Graph Pad Prism software version 6.05 and SPSS 21.0. The Mann–Whitney U-test (2
groups), Kruskal–Wallis post hoc Dunn test (>2 groups) was used to analyze the significant differences among the
groups. The relative cycle threshold (Ct) method was used to analyze the QRT-PCR results and the relative quantification
method was used to calculate the FNDC-5 and Selectin-E mRNA expression levels using the 2–(ΔΔCt) method. Expression
was defined as up- or down-regulated as a result of more than or less than one and all values were normalized relative to
the control values, which were depicted as a value of 1. p< 0.05 was considered significant.

Population Demographics
Present study included 200 T2DM (65.5% males) cases and equal number of healthy subjects (62.5% males), Health data
like hypertension, increased urination, weight loss, fatigue, wound healing, blue vision, loss of appetite, smoking status,
alcoholism and obesity were also collected (Table 1).

Table 1 Population Descriptive of Study Participants

Variables T2DM Cases (%) Controls Subjects (%)

Total no. 200 (100) 200 (100)

Gender

Males 131 (65.5) 125 (62.5)

Females 69 (34.4) 75 (37.5)

Age (Years)

≤ 50 49 (24.5) 45 (22.5)

> 50 151 (75.5) 155 (77.5)

Smoking status (yes/no) 71 (35.5)/129 (64.5) 57 (28.5)/143 (71.5)

Alcoholism (yes/no) 85 (42.5)/115 (57.5) 76 (38)/124 (62)

Hypertension (yes/no) 102 (51)/98 (49)

Increased urination (yes/no) 67 (33.5)/133 (66.5)

Weight loss (yes/no) 50 (25)/150 (75)

Fatigue (yes/no) 65 (32.5)/135 (67.5)

Wound healing (yes/no) 53 (26.5)/147 (73.5)

Blur vision (yes/no) 42 (21)/158 (79)

Loss of appetite (yes/no) 59 (29.5)/141 (70.5)

Obesity (yes/no) 93 (46.5)/107 (53.5)
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Evaluation of Biochemical Factors Among T2DM Cases and Healthy Controls
Biochemical parameters were compared between T2DM cases and healthy controls. Significant differences were
observed in Fasting blood glucose (mg/dl), Post prandial glucose (mg/dl), HbA1c (%), Systolic blood pressure
(mmHg), Diastolic blood pressure (mmHg), HDL (mg/dl), LDL (mg/dl), TG (mg/dl), Cholesterol (mg/dl), VLDL (mg/
dl) between T2DM patients and healthy control (Table 2).

Comparison of Biochemical Parameters of T2DM Patients with and without Obesity
Two groups were made such as T2DM patients with and without obesity based on BMI, Further, biochemical
parameters were compared among the T2DM patients with and without obesity (Table 3). It was observed that
the fasting blood glucose (p<0.0001) and HbA1c (p<0.0001) were high in T2DM patients with obesity compared
to the non-obese T2DM patients. T2DM patients with obesity exhibited significantly higher systolic blood
pressure compared to non-obese (p=0.001). Serum levels of LDL (p=0.02), TG (p=0.02) and cholesterol
(p=0.01) were also significantly higher among the T2DM patients with obesity compared T2DM without obesity
(Table 3).

Table 2 Differences in Biochemical Parameters Among the T2DM Patients and Healthy Controls

Biochemical Parameters Variables Mean SD p-value

Fasting blood glucose (mg/dl) T2DM 254.16 43.57 <0.0001

Controls 90.22 7.10

Post prandial glucose (mg/dl) T2DM 363.23 68.61 <0.0001

Controls 135.00 13.01

HbA1c (%) T2DM 7.34 0.83 <0.0001

Controls 5.74 0.53

Systolic blood pressure (mmHg) T2DM 150.55 14.33 <0.0001

Controls 106.07 10.39

Diastolic blood pressure (mmHg) T2DM 102.08 15.04 <0.0001

Controls 75.85 10.91

HDL (mg/dl) T2DM 41.37 12.02 <0.0001

Controls 46.21 8.69

LDL (mg/dl) T2DM 202.61 38.16 <0.0001

Controls 106.42 19.92

TG (mg/dl) T2DM 359.50 105.12 <0.0001

Controls 140.98 5.52

Cholesterol (mg/dl) T2DM 256.82 36.21 <0.0001

Controls 152.63 18.82

VLDL (mg/dl) T2DM 35.13 4.71 <0.0001

Controls 25.01 3.04
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Comparison of FNDC-5 and Selectin-E mRNA Expression in T2DM Patients with and
without Obesity
Present study observed overall fold change in FNDC-5 mRNA expression was 0.54 fold (SD±0.39) and selectin-E
mRNA expression was 1.56 fold (SD±0.60) among the T2DM cases. FNDC-5 and selectin-5 mRNA was analyzed
among two groups such as T2DM patients with and without obesity (Figure 1A and B). It was observed that FNDC-5
mRNA expression was lower in T2DM cases with obesity (0.28 fold) (p<0.0001) while selectin-E mRNA expression was
higher in T2DM cases with obesity (1.64 fold) when compared without obesity (p=0.28).

Comparison of FNDC-5 and Selectin-E Among Vitamin-D Sufficient, Insufficient and
Deficient Patients with T2DM
T2DM patients were divided in 3 groups namely based on serum vitamin-D levels such as vitamin-D deficient,
insufficient and sufficient. The mRNA expression levels of FNDC-5 and selectin-E were compared among the patients
of each group (Figure 2A and B). It was observed that the T2DM cases with vitamin-D deficiency had low FNDC-5
mRNA expression (0.28 fold) compared to insufficient (0.56 fold, p=0.03) and sufficient (0.67 fold, p<0.0001) vitamin-D
level. T2DM cases with vitamin-D deficiency had low selectin-E mRNA expression (1.44 fold) compared to insufficient
(1.66 fold) and sufficient (1.60 fold) serum vitamin-D level.

Table 3 Differences in Biochemical Parameters Among the T2DM with and without Obesity

Biochemical Parameters T2DM with Obesity Mean SD p-value

Fasting blood glucose (mg/dl) Yes 279 55.34 <0.0001

No 245 26.11

Post prandial glucose (mg/dl) Yes 365 71.41 0.45

No 361 66.39

HbA1c (%) Yes 7.71 0.81 <0.0001

No 7.22 0.67

Systolic blood pressure (mmHg) Yes 153 12.82 0.001

No 145 14.60

Diastolic blood pressure (mmHg) Yes 103 14.79 0.28

No 101 15.26

HDL (mg/dl) Yes 40.03 8.03 081

No 42.54 14.56

LDL (mg/dl) Yes 213 45.87 0.02

No 193 27.03

TG (mg/dl) Yes 378 107.24 0.02

No 342 100.79

Cholesterol (mg/dl) Yes 267 48.04 0.01

No 247 16.76

VLDL (mg/dl) Yes 35.27 5.42 0.69

No 35.00 4.01
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Comparison of FNDC-5 and Selectin-E with Respect to Vitamin B12 Status
T2DM patients were divided in 2 groups based on their serum Vitamin B12 levels. It was observed that the T2DM cases
with normal B12 level had 0.60 fold FNDC-5 mRNA expression while B12 deficient T2DM had 0.28 fold FNDC-5
mRNA expression (Figure 3A), (p=0.005). T2DM cases with B12 normal level had 1.52 fold selectin-E mRNA
expression while B12 deficient T2DM cases had 1.69 fold mRNA expression (Figure 3B) (p=0.20).

Figure 2 Comparison of mRNA expression (A) FNDC-5 among T2DM patients with serum Vitamin D level deficient, insufficient, and sufficient. (B) Selectin-E among
T2DM patients with serum Vitamin-D level deficient, insufficient, and sufficient.

Figure 1 mRNA expression (A) FNDC-5 expression in T2DM patients with and without obesity (B) Selectin-E expression in T2DM patients with and without obesity.
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Prognostic Importance of FNDC-5, Selectin-E mRNA Expression and T2DM with and
without Obesity
Prognostic importance of FNDC-5 and selectin-E were analyzed with T2DM cases with and without obesity (Figure 4,
Table 4). It was observed that AUC for FNDC-5 was 0.75 and at the 0.30-fold cutoff, sensitivity, specificity was 70% and
60% (p<0.0001) suggested that the expression of FNDC-5 ≤ 0.30-fold may be an indicator of T2DM in patients with
obesity. Similarly, AUC for selectin-E was 0.54 and at the 1.35-fold cutoff, sensitivity, specificity was 61% and 46%
(p=0.28).

Correlation of FNDC5 and Selectin-E with Biochemical Parameters Among the T2DM
Patients with and without Obesity
Correlation analysis for FNDC5 and selectin-E with biochemical parameters were done and observed that the FNDC-5
mRNA expression was found to have significant negative correlation with Post prandial glucose (mg/dl) (p=0.04) and TG
(mg/dl) (p=0.02) (Table 5).

Discussion
Obesity, insulin resistance, dyslipidemia, hyperglycemia, and hypertension are among the medical conditions that make
up the metabolic syndrome.14 Metabolic syndrome affects about one-fourth of the adult population in both developed and
developing countries, which causes diabetes, cardiovascular disease, and all-cause mortality, as well as significant
financial costs associated with hospitalization and long-term prescription drug use for blood glucose, lipids, and blood
pressure management.15 Obesity and diabetes, unfortunately, have been steadily increasing in recent years and have
become a major public health concern worldwide.16 The biochemical parameters of T2DM patients with and without
obesity showed significant differences. It has been observed higher fasting blood glucose, HbA1c, systolic blood
pressure, LDL, TG, cholesterol among the T2DM patients with obesity. Overall mRNA expression of FNDC-5 (0.54-
fold±0.39) and selectin-E (0.98-fold±0.67) was significantly decreased. It was found that the T2DM patients with obesity

Figure 3 Comparison of mRNA expression of (A) FNDC-5 in T2DM patients with normal and deficient Vitamin B12. (B) Selectin-E in T2DM patients with normal and
deficient serum Vitamin B12 level.
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had lower FNDC-5 mRNA expression compared to T2DM cases without obesity. Vitamin-D deficient T2DM patients
had lower mRNA level of FNDC-5 and selectin-E compared to patients with insufficient and sufficient serum vitamin-D
level. It was also observed that the T2DM cases with normal B12 deficient had lower FNDC-5 mRNA expression when
compared with T2DM patients with those having normal B12 level in serum.

The expression of FNDC5 necessary for a healthy metabolic status in humans.17 Dysregulation of FNDC5 can
cause a systemic metabolism imbalance, which can lead to metabolic disorders.18 Furthermore, studies using cell
cultures and animal models revealed that FNDC5 is involved in insulin resistance and adipose tissue inflammation,
suggesting that FNDC5 could be useful in averting inflammation and insulin resistance in obesity and diabetes.19

A research study in animal model of chronic heart failure, and ischemic cardiomyopathy reported reduced FNDC5
mRNA expression in skeletal muscle.20 Duan et al reported that streptozotocin-induced diabetic mice, treated with
recombinant FNDC-5 (irisin) exhibited significantly reduced blood glucose levels.21 It has been observed that patients
with T2DM have lower levels of FNDC-5 expression.4 Moreno-Navarrete et al reported that FNDC5 gene expression
was significantly lower in obese individuals.22 In both T1DM and T2DM, FNDC5 mRNA expression was found to be
lower in animal models.23

Overall, more than 1.1-fold selectin-E expression was observed among the T2DM cases compared to control. It was
found that the T2DM patients with obesity had lower selectin-E mRNA expression compared to those without obesity
Based on vitamin-D level, deficient and insufficient T2DM patients had lower selectin-E mRNA expression when
compared with those with sufficient levels of serum vitamin-D. Serum B12 deficient T2DM patients B12 deficient had
lower selectin-E mRNA expression when compared with their counterparts with normal B12 levels Selectin-E upregula-
tion has been known to play an active role in the high glucose condition, suggesting a new mechanism by which diabetes

Figure 4 ROC curve for FNDC5 and Selectin-E among the T2DM patients with obesity vs without obesity.

Table 4 ROC Curve to Presenting the AUC for FNDC-5 and Selectin-E Among the T2DM with Obesity Vs Without Obesity

Gene Name AUC (95% CI) Sensitivity Specificity Cut-Off (Fold Change) p value

FNDC-5 0.75 (0.68–0.81) 70% 60% 0.30 fold <0.0001

Selectin-E 0.54 (0.46–0.62) 61% 46% 1.35 fold 0.28
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accelerates arterial disease.24 Increased selectin-E expression has also been implicated as a factor in the development of
diabetes-related comorbidities.25 Elevated E-selectin levels have been described as a key marker of endothelial dysfunc-
tion in T2DM patients,26 which increases the risk of diabetes-related micro- and macrovascular complications.27

Scientists have also reported that selectin-E gene expression is comparatively higher in obese T2DM patients.28 It was
also found that the FNDC-5 mRNA expression was more down-regulated among the obese T2DM cases and as per ROC
curve analysis it shows a more decreased in expression (≤0.30 fold). This can be used as a predictor of the development
of obesity in T2DM cases.

Conclusion
This present study suggested that T2DM patients with obesity had higher fasting blood glucose, HbA1c, Systolic blood
pressure, LDL, TG and cholesterol. Significantly reduction in expression of FNDC-5 mRNA expression was found in
T2DM cases with obesity. Vitamin-D and B12 level greatly affect the expression of FNDC-5 mRNA expression among
the T2DM with obesity. ROC analysis suggested that the FNDC-5 mRNA down-regulation could be used as an indicator
for development of obesity among the T2DM patients.

Data Sharing Statement
We confirm that the data used during the research will not be shared with anybody/broadcasted in any public domain. The
datasets generated during and/or analysed during the current study are available from the corresponding author on
reasonable request.

Ethics and Informed Consent
This research study was ethically approved (12/9/176/JMI/IEC/2018) by the ethical committee board, Jamia Millia
Islamia, New Delhi, India and all participants gave their written informed consent before the study began, and all the
ethical principles regarding human experimentation were followed and the study was conducted in accordance with the
Declaration of Helsinki.

Table 5 Correlation Analysis of FNDC-5 and Selection-E with Biochemical Parameters

Biochemical Parameters Correlation
Coefficient (r) for
FNDC-5

p value Correlation
Coefficient (r)
Selectin-E

p value

Fasting blood glucose (mg/dl) −0.04 0.51 0.01 0.85

Post prandial glucose (mg/dl) −0.13 0.04 −0.04 0.49

HbA1c (%) 0.01 0.81 0.04 0.51

Systolic blood pressure (mmHg) −0.01 0.87 −0.007 0.92

Diastolic blood pressure (mmHg) 0.07 0.30 0.09 0.18

HDL (mg/dl) −0.02 0.77 −0.08 0.21

LDL (mg/dl) −0.11 0.10 −0.06 0.33

TG (mg/dl) −0.16 0.02 −0.05 0.46

Cholesterol (mg/dl) −0.13 0.06 −0.01 0.82

VLDL (mg/dl) −0.11 0.11 −0.01 0.87
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