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Background: Slit2 is a new secreted protein from adipose tissue that improves glucose hemostasis in mice; however, there is no 
study about the serum levels and precise role of Slit2 in human. The aim of this study is to explore the serum level of Slit2 in human, 
and to identify the role of Slit2 in diabetes mellitus (DM).
Methods: The participants of this study consist of 38 subjects with newly diagnosed DM, and 75 healthy subjects as a control group. 
Serum Slit2 levels were measured using an enzyme-linked immunosorbent assay. Relationship between circulating Slit2 and diabetic 
related factors was investigated in diabetic group compared with non-diabetic group. Additionally, the correlations between the se-
rum level of Slit2 and diverse metabolic parameters were analyzed.
Results: Circulating Slit2 level was more decreased in diabetic group than in control group, but there was no significant difference 
statistically. Interestingly, serum levels of Slit2 were significantly negatively correlated to the serum concentrations of fasting glu-
cose (coefficient r=–0.246, P=0.008), the serum concentrations of postprandial glucose (coefficient r=–0.233, P=0.017), and gly-
cosylated hemoglobin (HbA1c; coefficient r=–0.357, P<0.001). 
Conclusion: From our study, the first report of circulating Slit2 levels in human, circulating Slit2 level significantly negatively cor-
related with serum glucose and HbA1c. Our results suggest that the circulating Slit2 may play a role in maintainence of glucose ho-
meostasis in human, even though exact contribution and mechanism are not yet known.
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INTRODUCTION

Recent experimental studies have revealed the association of 
brown adipose tissue (BAT) activity with prevention against 
metabolic disease, such as type 2 diabetes mellitus (T2DM), 
obesity and dyslipidemia [1]. BAT is traditionally known for 
consuming energy in response to cold [2], but also has a secre-
tory role, which contribute to protection against chronic inflam-
mation for thermogenesis, and the BAT-derived endocrine regu-

latory factors called batokines [1,3]. Slit2, a newly discovered 
batokines, was identified as a member of family of Slit homolog 
proteins, which are produced endogenously by beige fat cells 
under the control of cold exposure and PR domain containing 
16 (PRDM16) [4]. Slits are known to have the role in axon guid-
ance [5,6], and recently Svensson et al. [4] described the role of 
Slit2 in regulating glucose homeostasis in adipose tissue. C-ter-
minal fragments of Slit2 are the active fragments in the regula-
tion of beige adipocyte induction [4]. Additionally, increased 
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circulating Slit2-C can promote thermogenesis of adipose tis-
sue, increase energy expenditure, and improve glucose homeo-
stasis in obese mice [4]. Although expression of Slit2 protein in 
adipose tissue may be linked to activate a thermogenic protein 
kinase A pathway in vivo [4], the role of Slit2 in human is not 
yet fully understood, and circulating Slit2 has not been studied. 
For these reasons, the aim of our study was to investigate the re-
lationship between circulating Slit2 levels and several metabolic 
parameters in participants with newly diagnosed T2DM and 
control participants.

METHODS

Subjects
We studied a total of 45 participants with newly diagnosed 
T2DM and 78 control participants from the outpatient clinic of 
the Division of Endocrinology and Metabolism of Chungnam 
National University Hospital from January 2015 to July 2016 
were studied. The inclusion criteria were as follows: body mass 
index (BMI) >18.0 kg/m2, age >18 years, absence of any clini-
cal sign of infection or inflammation, no alcohol or drug abuse, 
systolic blood pressure (SBP) less than 140 mm Hg and diastol-
ic blood pressure (DBP) less than 100 mm Hg, no pregnancy 
and no previous history of diabetes mellitus. Ten participants 
were excluded because of liver cirrhosis (one case), malignan-
cies (five cases of thyroid cancer, one case of prostate cancer, 
and one case of pituitary adenoma), severe rheumatoid arthritis 
(one case), and low BMI 16.2 kg/m2 (one case). Finally, 113 
participants were assessed to diabetes mellitus status [7]. Our 
experimental protocol was performed in accordance with the 
Declaration of Helsinki [8].

Clinical parameters
On the day on which the study commenced, all participants un-
derwent physical examinations. Height, body weight, waist cir-
cumference (WC), SBP, and DBP were recorded [9]. Blood 
pressure were measured after 10 minutes of rest from each pa-
tient’s right arm in the seating position by using an Omron Intel-
liSense Automatic Blood Pressure Monitor (Omron, Kyoto, Ja-
pan) height and body weight were measured without shoes in 
the morning. BMI was calculated as weight in kilograms (kg) 
divided by height in meters squared (m2), and WC was mea-
sured midway between the superior iliac spine at the end of 
gentle expiration and the lower rib margin in a standing posi-
tion.

Biochemical parameters measurements
All blood samples were collected in the morning after an over-
night fast of more than 8 hours into tubes containing ethylenedi-
aminetetraacetic acid (EDTA) [9]. We measured the levels of 
fasting glucose, C-peptide, insulin, triglycerides, total cholester-
ol (TC), low density lipoprotein cholesterol (LDL-C), high den-
sity lipoprotein cholesterol (HDL-C), apolipoprotein B, aspar-
tate aminotransferase, alanine aminotransferase, blood urea ni-
trogen, creatinine, high-sensitivity C-reactive protein (hs-CRP), 
and glycosylated hemoglobin (HbA1c). Blood chemistry and 
lipid profiles were measured using a blood chemistry analyzer 
(Hitachi 747, Hitachi, Tokyo, Japan). HbA1c was measured by 
high-performance liquid chromatography (Bio-Rad, Hercules, 
CA, USA). Insulin and C-peptide were measured by radioim-
munoassay (Roche, Penzberg, Germany). We also performed 
the 75-g oral glucose tolerance test. The homeostasis model as-
sessment of insulin resistance (HOMA-IR) was calculated as 
follows: fasting insulin level (μU/mL)×fasting glucose level (in 
mmol/L)/22.5 and the homeostasis model assessment of β-cell 
index (HOMA-β) was calculated as follows: fasting insulin lev-
el (μU/mL)×20/fasting glucose level (in mmol/L)–3.5 [8,9].

Slit2 measurements
Serum Slit2 levels were measured using a quantitative sandwich 
enzyme-linked immunosorbent assay (ELISA) kit (LifeSpan 
BioSceinces Inc., Seattle, WA, USA; ELISA kit for human 
Slit2, catalog No. LS-F21017). The ELISA quantitatively im-
munoassayed human Slit2 levels. The intra-assay coefficient of 
variation (CV) of the ELISA kit was <10% and the inter-assay 
CV of the ELISA Kit was <10%.

Statistical analysis
Continuous variables are expressed as the mean±standard devi-
ation (SD), and the significance of between-group differences 
was evaluated using Student t test or the Mann-Whitney U test. 
Categorical variables are expressed as percentages, and be-
tween-group differences were compared with the chi-sqaure 
test. To evaluate associations between Slit2 level and other vari-
ables, we subjected the data to Pearson and partial correlation 
analyses. A two-tailed P value <0.05 was regarded as statisti-
cally significant. All statistical analyses were performed with 
SPSS version 21.0 (IBM Co., Armonk, NY, USA) [8,9].

Ethics statement
The protocol for this research was approved by the Institutional 
Review Board of Chungnam National University Hospital (Reg. 
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No. CNUH 2014-12-013).

RESULTS

Clinical and biochemical characteristics of study subjects
Baseline characteristics of the subjects are shown in Table 1. 
Totally, 113 participants (mean age 49.6±12.2 years, 43.4% 
male) completed this study. The mean BMI, WC, serum glucose, 

and HOMA-IR values were 24.9±4.1 kg/m2, 85.3±11.3 cm, 
125.1±54.3 mg/dL, and 3.24±1.99 mg/dL, respectively. The 
T2DM group had significantly higher levels of fasting glucose, 
fasting C-peptide, postprandial glucose, HOMA-IR, hemoglo-
bin, DBP, hs-CRP, and apolipoprotein B than did those with-
out diabetes. The T2DM group also had lower levels of 
HOMA-β. Circulating Slit2 level values in the diabetic group 
were 1.855±1.306 ng/dL, and values in the control group were 

Table 1. Characteristics of Study Population

Variable T2DM group (n=38) Non-diabetes group (n=75) P valuea

Sex, male/female 17/21 32/43 0.836

Age, yr 50.3±10.8 49.3±13.0 0.683

BMI, kg/m2 25.7±4.6 24.4±3.7 0.136

Waist circumferences, cm 87.0±11.6 83.5±10.9 0.345

Fasting glucose, mg/dL 176.9±67.7 98.9±9.7 <0.001

Fasting insulin, mIU/L 11.5±4.3 9.8±4.8 0.055

Fasting C-peptide, mIU/L 0.88±0.38 0.71±0.37 0.025

Postload 2-hour glucose, mg/dL 324.5±124.9 118.3±30.4 <0.001

Postload 2-hour insulin, mIU/L 50.2±43.8 52.1±53.3 0.846

Postload 2-hour C-peptide, mIU/L 2.76±1.71 3.15±1.49 0.283

HbA1c, % 8.7±2.4 5.4±0.4 <0.001

HOMA-IR 4.8±2.2 2.4±1.2 <0.001

HOMA-β 24.2±15.4 32.1±17.0 0.016

TG, mg/dL 163.1±108.4 134.1±103.1 0.184

LDL-C, mg/dL 130.8±42.2 120.0±32.9 0.182

HDL-C, mg/dL 50.8±13.0 55.6±13.7 0.084

TC, mg/dL 206.0±48.2 195.2±36.6 0.240

AST, IU/L 25.1±15.4 21.9±7.5 0.147

ALT, IU/L 29.5 ± 17.4 23.9±16.5 0.110

eGFR (MDRD), mL/min 112.2±26.7 105.1±18.4 0.108

ACR (albumin/creatinin ratio) 51.1±124.7 3.98±3.45 0.056

Hemoglobin, g/dL 14.6±1.4 13.8±1.5 0.016

SBP, mm Hg 129.0±11.7 125.0±13.7 0.125

DBP, mm Hg 79.3±8.6 75.4±8.8 0.034

hs-CRP, mg/L 4.1±9.9 1.2±1.8 0.034

Apolipoprotein A, mg/dL 130.6±30.6 126.1±25.1 0.649

Apolipoprotein B, mg/dL 120.1±32.0 87.2±22.2 0.003

Slit2, ng/mL 1.855±1.306 2.352±1.864 0.103

Values are expressed as mean±SD. 
T2DM, type 2 diabetes mellitus; BMI, body mass index; HbA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resis-
tance; HOMA-β, homeostasis model assessment of β-cell; TG, triglycerides; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipopro-
tein cholesterol; TC, total cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase; eGFR, estimated glomerular filtration rate; 
MDRD, Modification of Diet in Renal Disease; ACR, albumin creatinine ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; hs-CRP, 
high-sensitivity C-reactive protein. 
aP values were calculated using a paired Student t test on the means of continuous variables and the Mann-Whitney U test on the means of nonparametric 
variables. 
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2.352±1.864 ng/dL. Serum Slit2 levels were lower in the dia-
betic group than in the control group, but there was no signifi-
cally significant difference.

Associations between serum Slit2 level and various 
variables 
To investigate the serum levels of Slit2 in human diabetes, we 
investigated correlations between serum circulating Slit2 level 
and multiple metabolic parameters, including BMI, WCs, fast-
ing glucose, fasting C-peptide, HbA1c, HOMA-IR, HOMA-β, 
and lipid profiles (Table 2). Increased serum Slit2 level were 
negatively correlated with fasting plasma glucose level (coeffi-
cient r=–0.246, P=0.008), postprandial glucose (coefficient r=  
–0.233, P=0.017), and HbA1c (coefficient r=–0.357, P< 
0.001). In addition, positive correlations were evident between 
Slit2 level and HOMA-β (r=0.203, P=0.033). However, Slit2 
level was not correlated with hs-CRP level or lipid profiles in-
cluding TG, TC, LDL-C, and HDL-C. 

DISCUSSION

In our study, we demonstrated for the first time that the circulat-
ing Slit2 was linked to human serum glucose level and insulin 
secretary function. Our results showed that human circulating 
Slit2 was negatively correlated with serum glucose, HOMA-β, 
and HbA1c, although there was no significant difference statis-
tically between diabetic group and control group.

Slit2 was first characterized in neuronal development [10] 
and was found to interact with Robo1 to mediate myogenesis 
[11], endothelial cell migration, and leukocyte chemotaxis [12]. 
The role of Slit2 has been shown to induce tumor angiogenesis 
and to regulate the lymphangiogenesis in various human can-
cers [13,14]. The full-length Slit2 protein is a secreted 200 kDa 
ligand that is cleaved into two fragments, a 140 kDa N-terminal 
product (Slit2-N), and a 50 to 60 kDa C-terminal product (Slit2-
C) [15]. Many studies have revealed that N-Slit2 binds cell 
membrane via Robo receptor, whearas Slit2-C is diffusible [16]. 
However, few studies focused on the role of Slit2-N in human 
diabetes. Increased levels of advanced glycation end-produc-
tions can increase the levels of Slit2 in human retinal pigment 
epithelium cells via the PI3K (phosphatidylinositol-4,5-bispho-
sphate 3-kinase)/Akt pathway in patients with diabetic retinopa-
thy [17]. Additionally, Zhao et al. [18] reported the Slit2-N in-
hibited lipopolysaccharide-induced endothelial inflammation 
via binding with Robo4 receptor. However, the direct role of 
Slit2 in metabolic disease and glucose homeostasis is not fully 
understood. 

Recently, Svensson et al. [4] demonstrated the functional 
specificity of circulaitng Slit2, the active C fragments of Slit2, 
in regulating thermogenesis. They identified that the Slit2 was 
the new secreted factor from beige adipose cells using PRDM16, 
the major transcriptional coregulator that controls the develop-
ment of brown adipocytes [19], transgenic mice, and cold expo-
sure experiments. Moreover, they demonstrated that the recom-
binant Slit2 protein induced a themogenic program in mice and 
in cells, and observed the reduction of in the thermogenic gene 
expression and expression of mitochondrial genes in brown adi-
pocytes in whole body Slit2 knockout mice. Notably, they iden-
tified that the Slit2-C, which is a circulating active form of Slit2, 
regulated whole-body energy expenditure and induced the im-
provement of glucose homeostasis in obese mice, which was 
distinct from previous studies of Slit2. Despite the fact that Slit2 
protein expression in adipose tissue may be related to thermo-
genesis in vivo [4], the function of circulating Slit2 proteins in 
humans has not been studied. For these reasons, we evaluated 

Table 2. Correlation Analysis between Slit2 Level and Metabol-
ic Parameters

Variable Coefficient (r)a P value

BMI, kg/m2 0.143 0.144

Waist circumferences, cm 0.265 0.103

Fasting glucose, mg/dL –0.246 0.008b

Fasting insulin, mIU/L 0.055 0.572

Fasting C-peptide, mIU/L 0.042 0.666

Postload 2-hour glucose, mg/dL –0.233 0.017c

Postload 2-hour insulin, mIU/L 0.154 0.119

Postload 2-hour C-peptide, mIU/L 0.110 0.275

HbA1c, % –0.357 <0.001b

HOMA-IR –0.136 0.157

HOMA-β 0.203 0.033c

TG, mg/dL 0.021 0.831

LDL-C, mg/dL –0.138 0.155

HDL-C, mg/dL –0.032 0.742

TC, mg/dL –0.170 0.078

hs-CRP, mg/dL –0.084 0.486

BMI, body mass index; HbA1c, glycosylated hemoglobin; HOMA-IR, 
homeostasis model assessment of insulin resistance; HOMA-β, homeo-
stasis model assessment of β-cell; TG, triglycerides; LDL-C, low densi-
ty lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; 
TC, total cholesterol; hs-CRP, high-sensitivity C-reactive protein. 
aCoefficients (r) were calculated using Spearman’s method; bP<0.01; 
cP<0.05.
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serum circulating Slit2 level in human for the first time. 
The results of our study are consistent with previous studies 

on Slit2-C, since circulating Slit2 was negatively correlated 
with serum fasting glucose level, serum postprandial glucose 
level, and HbA1c level in human, although there is no signifi-
cant difference of circulating Slit2 level between T2DM sub-
jects and control subjects. Interestingly, HOMA-β index, an in-
dicator for β-cell function, was significantly positively related 
with circulating Slit2 level. From our result, we suggest serum 
circulating Slit2 may have a specific role in the regulation of 
glucose homeostasis and in the maintainance of β-cell func-
tions, although further large scaled studies are still required. 

Even though our study clearly showed that serum circulating 
Slit2 levels are significantly related with glucose homeostasis 
and β-cell fuction in humans, as in previous studies [4], we 
could not evaluate the exact roles and mechanisms of Slit2. Fur-
thur studies are necessary, since little is known about the the ex-
act receptor and the enzymatic processing of Slit2-C. Furthere-
more, Slit2-C has multiple domains, and the mechanism under-
lying these processes should be explored by research in vivo and 
in vitro, including through binding assays of Slit2-C and the ex-
pression of receptors specific for circulating Slit2-C. 

In conclusion, these preliminary results suggest a possible as-
sociation: circulating Slit2 may play a pivote role in mainte-
nance of glucose homeostasis in humans. 

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was re-
ported. 

ACKNOWLEDGMENTS 

This research was supported by the National Research Founda-
tion of Korea (NRF) funded by the Ministry of Science, ICT & 
Future Planning (NRF-2017R1D1A1B03027820), the National 
Research Foundation of Korea (NRF) grant funded by the Ko-
rean Government (NRF-2016R1D1A1A09916900), and the re-
search fund of the Daejeon and Chungcheong Branch of Korean 
Endocrine Society (2017).

ORCID

Yea Eun Kang  https://orcid.org/0000-0002-2012-3716
Sorim Choung  https://orcid.org/0000-0001-7814-3034
Ju Hee Lee  https://orcid.org/0000-0001-5976-7175

Hyun Jin Kim  https://orcid.org/0000-0002-6760-4963
Bon Jeong Ku  https://orcid.org/0000-0002-3414-8949

REFERENCES

1. 	Villarroya F, Cereijo R, Villarroya J, Giralt M. Brown adipose 
tissue as a secretory organ. Nat Rev Endocrinol 2017;13:26-
35.

2. 	Cannon B, Nedergaard J. Brown adipose tissue: function and 
physiological significance. Physiol Rev 2004;84:277-359.

3. 	Ku CR, Cho YH, Hong ZY, Lee H, Lee SJ, Hong SS, et al. 
The effects of high fat diet and resveratrol on mitochondrial 
activity of brown adipocytes. Endocrinol Metab (Seoul) 
2016;31:328-35.

4. 	Svensson KJ, Long JZ, Jedrychowski MP, Cohen P, Lo JC, 
Serag S, et al. A secreted Slit2 fragment regulates adipose 
tissue thermogenesis and metabolic function. Cell Metab 
2016;23:454-66.

5. 	Brose K, Tessier-Lavigne M. Slit proteins: key regulators of 
axon guidance, axonal branching, and cell migration. Curr 
Opin Neurobiol 2000;10:95-102.

6. 	Mehlen P, Delloye-Bourgeois C, Chedotal A. Novel roles 
for Slits and netrins: axon guidance cues as anticancer tar-
gets? Nat Rev Cancer 2011;11:188-97. 

7. 	American Diabetes Association. Diagnosis and classification 
of diabetes mellitus. Diabetes Care 2010;33 Suppl 1:S62-9. 

8. 	Kang YE, Kim JM, Joung KH, Lee JH, You BR, Choi MJ, 
et al. The roles of adipokines, proinflammatory cytokines, 
and adipose tissue macrophages in obesity-associated insu-
lin resistance in modest obesity and early metabolic dys-
function. PLoS One 2016;11:e0154003.

9. 	Shin MY, Kim JM, Kang YE, Kim MK, Joung KH, Lee JH, 
et al. Association between growth differentiation factor 15 
(GDF15) and cardiovascular risk in patients with newly di-
agnosed type 2 diabetes mellitus. J Korean Med Sci 2016; 
31:1413-18.

10. 	Wong K, Park HT, Wu JY, Rao Y. Slit proteins: molecular 
guidance cues for cells ranging from neurons to leukocytes. 
Curr Opin Genet Dev 2002;12:583-91.

11. 	Kramer SG, Kidd T, Simpson JH, Goodman CS. Switching 
repulsion to attraction: changing responses to slit during tran-
sition in mesoderm migration. Science 2001;292:737-40.

12. 	Wu JY, Feng L, Park HT, Havlioglu N, Wen L, Tang H, et 
al. The neuronal repellent Slit inhibits leukocyte chemotaxis 
induced by chemotactic factors. Nature 2001;410:948-52.

13. 	Wang B, Xiao Y, Ding BB, Zhang N, Yuan Xb, Gui L, et al. 

https://orcid.org/0000-0002-2012-3716
https://orcid.org/0000-0001-7814-3034
https://orcid.org/0000-0001-5976-7175
https://orcid.org/0000-0002-6760-4963
https://orcid.org/0000-0002-3414-8949


Kang YE, et al.

388  www.e-enm.org Copyright © 2017 Korean Endocrine Society

Induction of tumor angiogenesis by Slit-Robo signaling and 
inhibition of cancer growth by blocking Robo activity. Can-
cer Cell 2003;4:19-29. 

14. 	Yang XM, Han HX, Sui F, Dai YM, Chen M, Geng JG. Slit-
Robo signaling mediates lymphangiogenesis and promotes 
tumor lymphatic metastasis. Biochem Biophys Res Com-
mun 2010;396:571-7.

15. 	Brose K, Bland KS, Wang KH, Arnott D, Henzel W, Good-
man CS, et al. Slit proteins bind Robo receptors and have an 
evolutionarily conserved role in repulsive axon guidance. 
Cell 1999;96:795-806. 

16. 	Kidd T, Brose K, Mitchell KJ, Fetter RD, Tessier-Lavigne M, 
Goodman CS, et al. Roundabout controls axon crossing of 
the CNS midline and defines a novel subfamily of evolution-

arily conserved guidance receptors. Cell 1998;92:205-15.
17. 	Zhou W, Yu W, Xie W, Huang L, Xu Y, Li X. The role of 

SLIT-ROBO signaling in proliferative diabetic retinopathy 
and retinal pigment epithelial cells. Mol Vis 2011;17:1526-
36.

18. 	Zhao H, Anand AR, Ganju RK. Slit2-Robo4 pathway modu-
lates lipopolysaccharide-induced endothelial inflammation 
and its expression is dysregulated during endotoxemia. J 
Immunol 2014;192:385-93.

19. 	Seale P, Conroe HM, Estall J, Kajimura S, Frontini A, Ishi-
bashi J, et al. Prdm16 determines the thermogenic program 
of subcutaneous white adipose tissue in mice. J Clin Invest 
2011;121:96-105. 


