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Chapter

Influence Engulfment Cell 
Motility-1 (ELMO-1) Protein 
and Matrix Metalloproteases-9 
(MMP-9) in Diabetic Nephropathy 
Patients
Elfiani Elfiani and Huntari Harahap

Abstract

Engulfment and Cell Motility-1 (ELMO-1) are well-known genes in Asia that 
can cause diabetic nephropathy in people with Diabetes Mellitus type-2. The 
increase in ELMO-1 protein affects Matrix Metalloproteases-9 (MMP-9) levels, 
both of which can cause chronic glomerular injury through dysregulation of Extra 
Cellular Matrix metabolism and decreased adhesive properties of endothelial 
cells to kidney structures. This study aims to prove differences in ELMO-1 and 
MMP-9 protein levels in type-2 Diabetes Mellitus (DM) patients with Diabetic 
Nephropathy compared to those without Diabetic Nephropathy. This study is a 
comparative observational study with venous blood samples taken from 60 patients 
with type-2 DM patients without Diabetic Nephropathy as a control and type-2 
DM group with Diabetic Nephropathy cases diagnosed based on the criteria of 
Glomerular Filtration Rate and Albumin-to-Creatinine Ratio. In this study, the 
levels of ELMO-1 and MMP-9 proteins were checked by ELISA (Enzyme-linked 
Immunosorbent Assay). The results showed that the mean plasma ELMO-1 value 
was higher in the Diabetes Mellitus type-2 group with Diabetic Nephropathy than 
without the Diabetic Nephropathy group (t-test, p = 0.025). The mean plasma 
MMP-9 value was higher in the DM with Diabetic Nephropathy group rather than 
in the DM without Diabetic Nephropathy group (t-test, p = 0.032). Conclusion 
ELMO-1 and MMP-9 levels were higher in Diabetes Mellitus type-2 with diabetic 
nephropathy.

Keywords: Diabetic Nephropathy, Diabetes Mellitus, Engulfment and Cell 
Motility-1, Matrix Metalloproteases-9, chronic glomerular injury, dysregulation of 
ECM metabolism, Albumin to Creatinine Ratio, Glomerular Filtration Rate

1. Introduction

The prevalence of Diabetes Mellitus (DM) increases globally; in 2011, about 366 
million people experienced Diabetes, and it is estimated to continue to grow to 522 
million people in 2030 [1]. Diabetes Mellitus will cause damage and failure of various 
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organs; one of these organs is the kidney. This complication of DM in the kidney 
is called Diabetic Nephropathy. The prevalence of Diabetic Nephropathy occurs in 
20–40% of all type-2 DM patients [2]. Kidney damage in Diabetic Nephropathy is 
irreversible and causes an increase in morbidity, mortality, and the burden of health 
financing in most countries [3].

The principal risks of Diabetic Nephropathy are modifiable, namely blood pres-
sure, blood sugar, and dyslipidemia. Meanwhile, factors that cannot be modified 
include age, race, and genetic profile [4]. However, the pathogenesis that contrib-
utes to Diabetic Nephropathy incidence is not fully understood, especially the role 
of genetics [5]. So that efforts to obtain genetic information in type-2 DM patients 
who are susceptible/at risk of Diabetic Nephropathy provide an opportunity to 
predict and diagnose this complication early [6].

The ELMO-1 gene is a functional gene that codes for the formation of the 
ELMO-1 protein, located on chromosome 7 of mammalian cells. ELMO-1 protein 
helps engulf “eating” or clean apoptotic cells and plays a role in cell motility and cell 
shape changes [7, 8].

ELMO-1 protein increases in hyperglycemic conditions and TGF-β1 (Tumor 
Growth Factor Beta-1), collagen type-1, fibronectin expression, and Extra Cellular 
Matrix (ECM) in the kidneys. MMP-9 also plays a vital role in diabetic nephropathy. 
Increased secretion of MMP-9 destroys the podocyte diaphragm, which is an essen-
tial component in maintaining the standard barrier of glomerular filtration [10].

2. Diabetic nephropathy

2.1 Research methods and study design

This study is an observational study with a cross-sectional comparative study 
design. This study was conducted at three hospitals in Jambi Province, Indonesia, 
with a total sample of 60 people. Control this research is Diabetes Mellitus type 
2 group without Diabetic Nephropathy patients diagnosed with type-2 Diabetes 
without impaired kidney function and two times the value examination, Albumin 
to Creatinine Ratio (ACR) <30 mg/g for 2–3 months mild/normal albuminuria 
levels. Diabetes mellitus with nephropathy diabetes has hemodialysis, decreased 
Glomerular Filtration Rate, and or persistent albuminuria.

The inclusion criteria in this study were over 20 years ago, had suffered from 
type-2 Diabetes for at least five years, had a medical record with routine laboratory 
examination data in the form of blood sugar and urinalysis, assessment of kidney 
function (urea levels and creatinine), ultrasound, and ACR examination at least 
two times in 3–6 months and were willing to participate in this study by signing 
the informed consent. Exclusion criteria in this study were patients with urinary 
tract infections, other kidney diseases such as kidney stones and kidney cysts (from 
medical records), pregnancy, and patients with autoimmune or immunocompro-
mised diseases.

ELMO-1 and MMP-9 levels were examined using ELISA (Enzyme-linked 
Immunosorbent Assay). Sample this research from blood plasma; then carried out 
according to the ELISA kit instructions for human ELMO-1 from MyBioSource 
catalog number MBS9321199 and MMP-9 from RayBioR catalog number 
ELH-MMP9.

This research has passed ethics from the Faculty of Medicine’s research ethics 
commission team, Andalas University, and received ethical clearance number 
706/KEP/FK/2019. Data analysis used a t-test because the data distribution 
was normal.
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2.2 Results

2.2.1 Basic characteristics of research subjects

The basic characteristics of the assessed research subjects are shown in Table 1.
Based on the essential characteristics of research subjects, it is known that 

Type-2 Diabetes with Diabetic Nephropathy has systolic and diastolic blood pres-
sure, fasting blood sugar levels, and blood sugar levels 2 hours after eating. Albumin 
to creatinine ratio (ACR) in urine is higher than non-diabetic nephropathy. And 
statistically significant. In contrast, the mean value of glomerular filtration rate 
(GFR) was lower in the Diabetic Nephropathy group and statistically significant.

2.2.2 Levels of plasma protein ELMO-1 and MMP-9

ELMO-1 and MMP-9 protein levels between DM subjects with Diabetic 
Nephropathy and without Diabetic Nephropathy are presented in  
Tables 2 and 3 below.

Table 2 shows that the mean ELMO-1 plasma value was higher in the DM group 
with Diabetic Nephropathy and without Diabetic Nephropathy group, statistically 
significant (p < 0.05).

Table 3 shows that the mean plasma MMP-9 value was higher in the DM group 
with Diabetic Nephropathy than the without Diabetic Nephropathy group. And this 
difference was statistically significant (p = 0.032).

2.3 Discussion

The Genome-Wide Association Studies in Japan in 2005 identified the part of 
Engulfment and cell motility-1 (ELMO-1) in diabetic nephropathy. A study using 

Characteristics Diabetes with Diabetic 

Nephropathy (n = 30)

Diabetes without Diabetic 

Nephropathy (n = 30)

p-value

Age 51,17 ± 7,88 49,87 ± 8,42 0,539a

Gender

Male, n

Female, n

15 (57,7%)

15 (44,1%)

11 (36,7%)

19 (55,9%)

0,297b

Fasting blood sugar 

levels

160,40 ± 60,32 138,90 ± 35,54 0,249a

Blood sugar levels 

2 hours after eating

245,87 ± 59,57 237,27 ± 84,56 0,428a

Systolic blood pressure 139,33 ± 17,21 122,43 ± 14,47 <0,001a,*

Diastolic blood pressure 83,33 ± 9,59 78,00 ± 8,87 <0,033a,*

Urine creatinine 95,64 ± 72,65 89,59 ± 71,53 0,887a

Urine albumin 618,83 ± 876,23 12,67 ± 9,65 <0,001a,*

Albumin to creatinine 

ratio

1387,67 ± 2743,37 14,21 ± 6,6 <0,001a,*

Glomerular filtration 

rate, mL/min

69,76 ± 36,10 92,91 ± 23,76 0,005a

at-test.
bChi-square test.
*Statistically significant; p-value < 0,05.

Table 1. 
Basic characteristics of research subjects.
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diabetic rats found that increased ELMO-1 protein levels were in diabetic kidneys 
compared to normal rats [9]. Functions ELMO-1 proteins were phagocytosis of 
apoptotic cells and cell motility in mammals [7]. Failure to clear apoptotic cells can 
cause inflammation and autoimmunity damage [8].

In this study, there was no difference in age and gender. Because due to the 
nine samples’ consecutive sampling technique, where there is a balanced age range 
between the case and control groups. There is a difference in age characteristics in 
the literature, stating that diabetic nephropathy is more common in old age. Because 
it is associated with a longer duration of disease in old age, and diabetes mellitus has 
been more than five years [11].

Based on patient characteristics, it is known that the mean value of glomerular 
filtration rate is lower in the diabetic group with Diabetic Nephropathy compared 
without Diabetic Nephropathy. This situation is because, in diabetic nephropathy, 
there is a more severe decrease in kidney function. The reduction in glomerular 
hydration rate in type-II DM patients is proportional to the degree of albuminuria. 
The more significant the reduction in glomerular filtration rate, the heavier the 
degree of albuminuria [11, 12].

In this study, the Diabetic Nephropathy group had a higher average blood pres-
sure than non-ND Diabetes Mellitus. Blood pressure decreases the rate of glomeru-
lar psychopathy and albuminuria in Diabetic Nephropathy [13, 14]. The elevated 
blood pressure in diabetic nephropathy occurred due to disruption of the Renin-
Angiotensin-Aldosterone System (RAA’s) and decreased renal blood flow [13, 14].

In the study, ELMO-1 protein levels were higher in patients with diabetic 
nephropathy. ELMO-1 protein contributed to chronic glomerular injury progres-
sion through the increased accumulation of the extracellular matrix and decreased 
cell adhesion [14]. The extracellular matrix accumulation causes thickening of the 
glomerulus and renal tubules, a marker of advanced diabetes nephropathy [13].

This study reported higher plasma ELMO-1 and MMP-9 levels in diabetic 
patients with ND and was statistically significant (Tables 2 and 3). Functional 
studies on cultured cells and experimental animals show the role of the ELMO-1 
protein in ND. Previous research has shown an increase in ELMO-1 signal with the 

Protein Diabetes with ND  

(n = 30)

Diabetes with ND non-ND  

(n = 30)

p-value

Plasma MMP-9  

(pg/mL)

1800,14 ± 1871,18 981,79 ± 758,49 0,032a,*

at-test.
*p-value <0,05; statistically significant.

Table 3. 
Plasma levels of MMP-9 between DM subjects with ND and non-ND.

Protein Diabetes with Diabetic 

Nephropathy (n = 30)

Diabetes without Diabetic 

Nephropathy (n = 30)

p-value

Plasma ELMO-1 

(ng/mL)

623,83 ± 940,73 211,21 ± 209,98 0,025a,*

at-test.
*p-value <0,05; statistically significant (p < 0,05).

Table 2. 
ELMO-1 plasma levels between DM subjects with diabetic nephropathy and without diabetic nephropathy.
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in situ hybridization (FISH) method in the kidney of rats with nephropathy com-
pared to those without nephropathy.

MMP-9 protein is a protein involved in the degradation of the extracellular 
matrix and glomerular turnover. Changes in MMP-9 expression are associated with 
the development of diabetic nephropathy. Hyperglycemia, an increase in advanced 
glycation end products, and oxidative stress that occurs in people with Diabetes 
increase the expression of MMP-9. MMP-9 protein cause of disrupts the integrity 
and increases the permeability of podocytes to albumin, and increases protein 
synthesis, which is involved in forming the extracellular matrix. All of these are 
processes that occur in Diabetes nephropathy [10, 15, 16].

3. Conclusion

Engulfment and Cell Motility-1 (ELMO-1) and Matrix Metalloproteases-9 
(MMP-9) protein levels were higher in Diabetic Nephropathy compared to Diabetes 
Mellitus without Diabetic Nephropathy and difference was statistically significant. 
Required a larger number of samples and performed prospectively.
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Appendix and nomenclature

ACR Albumin-to-Creatinine Ratio
ACEI Angiotensin Enzyme Inhibitor
ADA American Diabetes Association
DM Diabetes Mellitus
ECM Extra Cellular Matrix
ELISA Enzyme-linked Immunosorbent Assay
ELMO-1 Engulfment and cell motility-1
IDF International Diabetes Federation
MMP Matrix Metalloproteases



Urinary Tract Infection and Nephropathy - Insights into Potential Relationship

6

Author details

Elfiani Elfiani1* and Huntari Harahap2

1 Department of Internal Medicine, Raden Mattaher Hospital Jambi, Jambi, 
Indonesia

2 Department of Physiology, Faculty of Medicine and Health Sciences, Jambi 
University, Jambi, Indonesia

*Address all correspondence to: elfiani@gmail.com

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



7

Influence Engulfment Cell Motility-1 (ELMO-1) Protein and Matrix Metalloproteases-9…
DOI: http://dx.doi.org/10.5772/intechopen.98192

References

[1] Whiting DR., Guariguata L., Weil C., 
Shaw J., 2011. IDF Diabetes Atlas: Global 
Estimates of the Prevalence of Diabetes 
for 2011 and 2030. Diabetes Reseach 
Clinical Practice 94: 311 – 321.

[2] Kim SS., Kim JH., Kim IJ., 2016. 
Current Challenges in Diabetic 
Nephropathy: Early Diagnostic and Way 
to Improve Outcomes. Endocrinol 
Metab 31; 245-253

[3] Lim AK., 2014. Diabetic 
nephropathy–Complications and 
treatment. International Journal of 
Nephrology and Renovascular Disease 
7: 361-381

[4] Gogolin, K. et al., 2005. Assessment 
of 115 Candidate Genes for Diabetic 
Nephropathy by Transmission/
Disequilibrium Test. NCBI.

[5] Conserva F., Gesualdo L., 
Papale M., 2015. A Systems Biology 
Overview on Human Diabetic 
Nephropathy: From Genetic 
Susceptibility to Post-Transcriptional 
and Post-Translational Modifications. 
Journal of Diabetes Research Article 
ID7934504 23pages http://dx.doi.
org/10.1155/2016/7934504

[6] Lin CH., Chang YC., Chuang LM., 
2016. Early detection of diabetic kidney 
disease: Present limitations and future 
perspectives. World J Diabetes 
7(14): 290-301

[7] Gumienny TL., Brugnera E., 
Tosello-Trampont AC., Kinchen JM., 
Haney LB., Nishiwaki K., Walk SF., 
Nemergut ME., Macara IG., Francis R., 
2001. CED-12/ELMO, a novel member 
of the CrkI I/Dock180/Rac pathway, is 
required for phagocytosis and cell 
migration. Cell. 107:27-41.

[8] Ravichandran SK., 2007. Engulfment 
of apoptotic cells: signals for a good 
meal. NCBI.

[9] Shimazaki A., Kawamura Y., 
Kanazawa A., Sekine A., Saito S., 
Tsunoda T., Koya D., Babazono T., 
Tanaka Y., Matsuda M., Kawai K., 
Iiizumi T., Imanishi M., Shinosaki T., 
Yanagimoto T., Ikeda M., Omachi S., 
Kashiwagi A., Kaku K., Iwamoto Y., 
Kawamori R., Kikkawa R., Nakajima M., 
Nakamaru Y., Maeda S., 2005. Genetic 
Variations in the Gen Encoding ELMO1 
Are Associated With Susceptibility to 
Diabetic Nephropathy. Diabetes 54: 
1171-1178.

[10] Li SY., Po-Huang H., Yang AH., 
Tarng DC., Yang WC., Lin CC., 
Chen JW., Scho¨nbein GS., Lin SJ., 2014. 
Matrix metalloproteinase-9 deficiency 
attenuates diabetic nephropathy by 
modulation of podocyte functions and 
dedifferentiation. Kidney International. 
86: 358-369.

[11] Gheith O, Farouk N, Nampoory N, 
Halim MA, Al-otaibi T, 2016. Diabetic 
kidney disease: world wide difference of 
prevalence and risk factor. J 
Nephropharmacol 5(1): 49-56.

[12] Retnakaran R., Cull CA., 
Thorne KI., Adler AI., Holman RR., 
2006. Risk Factors for Renal 
Dysfunction in Type 2 Diabetes UK 
Prospective Diabetes study 74. Diabetes 
55: 1832-1839.

[13] Alicic RZ, Rooney MT, Tuttle KR, 
2017. Diabetic Kidney Disease 
Challenges, Progress and Possibilities. 
Clin J Am Soc Nephrol 12:  
2023-2045.

[14] Shimazaki A., Tanaka Y., 
Shinosaki T., 2006. ELMO1 increases 
expression of extracellular matrix 
proteins and inhibits cell adhesion to 
ECMs. Kidney International 70, 
1769-1776.

[15] Xu X., Xiao L., Xiao P., Yang S., 
Chen G., Liu F., Kanwar YY., Sun L., 



Urinary Tract Infection and Nephropathy - Insights into Potential Relationship

8

2014. A Glimpse of Matrix 
Metalloproteinase in Diabetic 
Nephropathy. Curr Med Chem 21(28): 
3244-3260.

[16] Thrailkill KM., Bunn RC., 
Fowlkes JL., 2009. Matrix metallo 
proteinases: their potential role in the 
pathogenesis of diabetic nephropathy. 
Endocrine 35(1): 1-10.


