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Abstract

Background: Interleukin-19 (IL-19) is a newly discovered cytokine belonging to the Interleukin-10(IL-10) family. IL-19
have indispensable functions in many inflammatory processes and also can induce the angiogenic potential of
endothelial cells. The purpose of present study was to investigate the relation of serum interleukin-19 (IL-19) levels

with diabetic nephropathy (DN).

Methods: Two hundred study groups of patients with type 2 diabetes mellitus (T2DM) (109 males and 91 females)
were recruited, included normoalbuminuria(n = 102), microalbuminuria(n = 72) and macroalbuminuria(n = 26) . The
50 healthy blood donors were enrolled for the control group. All subjects were assessed for: IL-19, High-sensitivity

C-reactive protein (Hs-CRP), Cystatin C, urinary albumin excretion rate (UAE) and glycosylated hemoglobin

ATc(HbATQ).

Results: The serum IL-19 levels in DN patients were found to be significantly higher compared to controls. IL-19
levels were significantly positively correlated with Hs-CRP, Cystatin C, UAE and HbATc(r=0.623, 0611,0.591 and 0.
526 respectively, P < 0.01). Multivariable logistic regression analysis showed IL-19 levels (P=0.01) were found to be

independently associated with patients with DN.

Conclusions: IL-19 is significantly positive correlated with UAE and Cystatin C. IL-19 may play an important role
that contributes to the progression of diabetic nephropathy.
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Background

Type 2 diabetes mellitus (T2DM) is a metabolic disease.
Hyperglycemia is the apparent feature of T2DM due to
the deficiency in peripheral insulin effects (insulin resist-
ance). The development of both macrovascular and micro-
vascular complications is a primary cause of morbidity
and mortality in diabetes that rapidly leads to premature
death [1, 2]. Vascular complications are considered for the
dominant causeof the life span and the quality of life in
T2DM, and it is important to understand the risk factors
in order to prevent the development and progression of
the complications [3]. Diabetic nephropathy (DN) is a
major microvascular complication of diabetes melli-
tus(DM), it is the leading cause of end-stage renal disease.
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Inflammation plays some important roles in the pathogen-
esis of DN. Leukocytes, macrophages and monocytes all
involve in the process of DN [4, 5], and proinflammatory
cytokines and inflammatory markers are strongly associ-
ated with the development of DN [6, 7].

High-sensitivity C-reactive protein (Hs-CRP), which is a
marker of inflammation, has been reported to be associ-
ated with development of DN [8]. Albuminuria is one of
the first asymptomatic clinical features of microvascular
damage in DM. It has been shown that microalbuminuria
and macroalbuminuria are associated with progressive
renal function loss [9]. Hs-CRP levels may predict the
development of albuminuria in some studies in type 1 and
type 2 DM patients [8, 10].

Interleukin-19 (IL-19) is a newly discovered cytokine
within the Interleukin-10(IL-10) family. This protein can
stimulate the production of IL-10 from human periph-
eral blood mononuclear cells [11, 12]. It has been
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reported that IL-19 can promote the T-helper2 (Th2)
response, which is associated with a wide variety of aller-
gic (i.e., asthma and atopic dermatitis [13-15], type 1
diabetes [16], and cardiovascular disease [17, 18]. IL-19
have indispensable functions in many inflammatory pro-
cesses and also can induce the angiogenic potential of
endothelial cells [19, 20].

Several recent studies have revealed that the roles of
IL-19 in development of vascular inflammatory diseases
such as atherosclerosis, restenosis, and coronary artery
transplant vasculopathy. Our previous also reported that
IL-19 is closely related to T2DM with vascular complica-
tions [21]. However, whether there are some association
between IL-19 concentration and DN have not been
revealed clearly yet. The aim of this study was to deter-
mine the concentrations of IL-19 in DN and to investi-
gate the relation of IL-19 with microalbuminuria/
macroalbuminuria in DN.

Methods

Patients selection

200 patients with type 2 diabetes mellitus (109 males
and 91 females, age 60 + 10.3 years) from July to Decem-
ber in 2015 were admitted to this study. According to
urinary albumin excretion rate (UAE), the patients were
divided into three groups:T2DM with normoalbuminuria
(n =102, UAE < 30 mg/24 h), T2DM with microalbumi-
nuria (n=72, UAE: 30-300 mg/24 h) and T2DM with
macroalbuminuria (n=26, UAE 2300 mg/24 h). The
exclusion criteria included patients with type 1 diabetes
and those previously diagnosed with urolithiasis, patients
with confounding factors for proteinuria, recent or
current viral hepatitis or cirrhosis of liver, medical
history of clinical cardiovascular disease, chronic lung
disease, or acute or chronic infections. Fifty healthy indi-
viduals matched for age and sex with the patients were
included in the study as a control group (26 males and
24 females, age 58 + 11 years). The study was approved
by the Human Investigation Committee of BinHai
County hospital, and written informed consent was
obtained from all the study participants. The study was
carried out in accordance with the guidelines of the
Declaration of Helsinki.

Laboratory analysis
Venous blood samples were obtained from each partici-
pant upon hospital admission. All samples were collected
in vacuum blood collection tubes with a clot activator,
which blood was centrifuged at 1000 x g and 4 °C for
10 min. Serum was separated and aliquoted then stored at
-70 °C until analysis.

IL-19 was determined by the enzyme-linked immuno-
sorbent assay (ELISA) kits((R&D Systems, Minneapolis,
MN, USA). Urinary albumin and Hs-CRP concentrations
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were assessed using the particle enhanced immuoturbidi-
metric method(BNProspec, SIEMENS,Germany). HbAlc
was measured by liquid chromatography (G8-90SL,
Tosoh, Japan). Fasting plasma glucose(FPQG), total choles-
terol(TC), high density lipoprotein(HDL-C) and LDL cho-
lesterol(LDL-C) were measured by enzymatically.

Statistical analysis

The results was expressed as mean = S.D. Comparisons
between two groups were performed using Student’s t-
test upon test of normality and equality of variances.
Spearman’s or Pearson’s method correlation analysis was
carried out to determine the association of each group.
P<0.05 was considered statistical significance. All
analyses were performed using SPSS 17.0 (SPSS, Inc.,
Chicago, IL, USA).

Results

Clinical characteristics of participants

As expected, Hs-CRP, HbAlc, UAE, Cystatin C, TC, and
triglyceride concentrations were significantly higher and
HDL-C was lower in T2DM patients compared to the
controls. Serum IL-19 concentration was significantly
higher in T2DM patients than in controls, there were
differences between T2DM subgroups (Table 1).

IL-19 levels in T2DM with normoalbuminuria,
microalbuminuria and macroalbuminuria

In 200 T2DM patients, 72 patients had microalbumi-
nuria and 23 patients had macroalbuminuria. There was
a pronounced increase in IL-19 of the macroalbuminuric
group when compared to the microalbuminuric and nor-
moalbuminuric group. We observed that there was sig-
nificant difference in concentrations of IL-19 between
T2DM patients with normo-, micro- and macroalbumi-
nuric groups (P < 0.05) (Fig. 1).

Correlation analysis

Serum IL-19 levels showed positively correlation with
HbAlc and Hs-CRP respectively (r=0.526 and 0.623 re-
spectively, P < 0.01). There was also a strong correlation
between IL-19 and UAE,Cystatin C (r=0.591 and 0.611
respectively, P < 0.01) (Fig. 2).

Multivariable logistic regression analyses

In multivariable logistic regression analysis, IL-19 levels
(95% CI, 20.1 to 62.9, P=0.01) alone showed a signifi-
cant positive association with DN even after adjusting
for age, gender, hypertension, and blood fat.

Discussion

Diabetic nephropathy is a syndrome characterized by a
progressive increase in the excretion of urinary albumin,
elevated blood pressure coupled with glomerular lesions
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Table 1 Clinical characteristics and research indexes between the different studied groups
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Characteristics Controls T2DM T2DM with P-value
Normoalbuminuria Microalbuminuria Macroalbuminuria
n 50 200 102 72 26 -
Age (years) 58+ 11 60+103 61+10 59+98 60+ 11 0.25
Sex (males/females) 26/24 109/91 58/44 39/33 12/14 -
Duration of diabetes (years) - 9 (4-13) 8 (5-11) 10 (6-13) 10 (7-15) 0210
BMI (kg/m2) 25+5 28+2 23+15 28+16 32+30 0.001
SBP (mm Hg) 127 +15 130+ 16 132415 135+16 138+ 17 0.025
DBP (mm Hg) 75+7 83+6 81+4 82+5 84+5 0.037
TC (mmol/L) 46+1.0 57+16 56+18 57+14 59+15 0.825
Triglycerides (mmol/L) 14+06 26+15 21413 24+15 26+16 0.874
HDL-C (mmol/L) 15+£05 13+£05 12+04 13+£04 1.1+£04 <0.001
LDL-C (mmol/L) 31+09 25+07 26+08 23+06 26+10 0.058
IL-19 (pg/ml) 13.2.+£95 405+120 358+123 494+136 61.3+182 <0.001
Cystatin C (mg/L) 06+0.2 1.12+0.7 1.32+05 205+1.0 387+ 1.1 0.03
UAE (mg/24 h) 7+2 140+ 120 18+ 14 180+ 130 510+ 225 0.001
Hs-CRP (mg/L) 07+03 3615 30+£09 43+12 5610 <0.001
HbA1c (%) 54+05 85+18 83+15 87+20 86+18 <0.001

Data are presented as mean + SD, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, HDL-C high-density
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, IL-19, interleukin-19, UAE urinary albumin excretion, HS-CRP high-sensitivity C-reactive protein

leading ultimately to loss of glomerular filtration and
eventually end stage renal failure [22]. Both type 1 dia-
betes and type 2 diabetes are associated with increased
risk of macro- and micro-vascular complications. Apart
from the traditional metabolic and hemodynamic risk
factors, chronic inflammation is increasingly being
regarded as a major risk factor for DN [23, 24].
Proinflammatory cytokines play an important role in
the establishment of arteriolosclerosis [25, 26] and kid-
ney injury [27, 28]. Inflammatory cytokines are involved
in the development of microvascular diabetic complica-
tions, including diabetic nephropathy [29]. IL-19 is a
recently described IL-10 family member and the amino
acid identity between IL-19 and IL-10 is 20%, but IL-19
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Fig. 1 IL-19 levels in T2DM patients with normo-, micro- and

macroalbuminuric groups

does not share the same receptor with IL-10. From hu-
man monocytes, B and T lymphocytes, IL-19 can be de-
tected, and the expression of IL-19 can be upregulated
in these cells by inflammatory stimuli [30, 31]. It is re-
ported that IL-19 expression is inhibited in immune
cells, and our knowledge of the function of this cytokine
is from experiments performed in inflammatory cells
and which play some indispensable functions in many
inflammatory processes [32]. Cuneo et al. reported that
inflammatory cytokines and inflammatory stimuli can
prompted IL-19 to express, the expression of IL-19 is as-
cribed in injured and stimulated vascular smooth muscle
cells [33]. Our findings showed that IL-19 concentration
is elevated in patients with T2DM and IL-19 concentra-
tion is significantly higher in macroalbuminuric and
microalbuminuric patients than normoalbuminuric pa-
tients. Multivariable logistic regression analysis showed
IL-19 levels were independently associated with DN.
These results suggest that IL-19 involved in the inflam-
matory reaction and play a significant role in the pro-
gression of DN.

Chronic endothelial inflammation is a major risk
factor in the occurring of diabetic complications and has
a pathogenic role in the progression of DN [34]. High-
sensitivity C-reactive protein, which as a marker of
inflammation has been reported to be associated with
the risk of DM complications [35-37]. Yamaoka-Tojo
et al. [38] showed that CRP may deteriorate the inflam-
matory cascade in tissue injury in addition to initiating
endothelial damage and atherosclerosis. In agreement
with the previous reports, this study also showed that
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Hs-CRP were significantly elevated in the DN group in
comparing with the control group. We also found a
positive correlation between plasma concentrations of
IL-19 and Hs-CRP. It is well known that IL-19 is
expressed in human endothelium cell can be detected in
monocytes and macrophages infiltrate the glomeruli and
/or interstitium in the kidney tissue in patients with
DM. So, infiltrating macrophages may be responsible for
increased levels of IL-19 and IL-19 contributes to the in-
flammatory response. These data further indicate that
IL-19 and inflammation reaction are closely concerned
with the progression of nephropathy.

Jennings et al. [39] reported that IL-19 significantly
correlated with estimated glomerular filtration rate
levels. In this study, IL-19 positively correlated with
cystatin C, which is a marker of renal function, and
UAE, which is a marker of renal injury respectively. Pos-
sible explanations for our finding are an association of
IL-19 with proteinuria in DN. First, elevated levels of IL-
19 may be the result of pre-existing atherosclerosis in
T2DM patients with microalbuminuria. Second, eleva-
tions of CRP and IL-19 may directly alter glomerular
function and thus be causally involved in the develop-
ment of albuminuria. Third, there is a potential link
between IL-19 and glomerular function. IL-19 may influ-
ence the metabolism of the vascular endothelium and
the glomerular basement membrane and are involved in
the etiology of microalbuminuria.

In the current study, HbAlc in the microalbuminu-
ric/macroalbuminuric diabetic group were significantly

increased compared to normoalbuminuric and control
groups. This study is in agreement with the previous
studies, which have suggested that hyperglycemia is
the driving force for the development of DN.We also
showed a positive correlation between IL-19 concen-
tration and HbAlc. Our results suggest that long-
term hyperglycemia may increase the expression of
IL-19 via stimulating endothelial cells,which result in
local inflammation and accelerate endothelial damage
and atherosclerosis.

The limitations of this study should be noted. This
cross-sectional study population is relatively small. In
addition, the present clinical study provides evidence
that the correlation between IL-19 and the progression
of DN, but the cause—effect relationship in DN is not
addressed. Therefore, the mechanism requires further
investigation.

Conclusions

The results of present study show that IL-19 levels
was significantly elevated in the patients with diabetic
nephropathy and was associated with Hs-CRP,
Cystatin C, UAE and HbAlc. The results suggest that
IL-19 has an important role in the acceleration of
glomerular injury in addition to its inflammatory
effect on this pathophysiology, and provide further in-
sights into the understanding of IL-19 as the possible
effectiveness of anti-inflammatory therapy for DN
treatment and prevention.



Li et al. BMC Nephrology (2017) 18:65

Abbreviations

BMI: Body mass index; DBP: Diastolic blood pressure; DN: Diabetic
nephropathy; ELISA: Enzyme-linked immunosorbent assay; FPG: Fasting
plasma glucose; HbA1c: Glycosylated hemoglobin Alc; HDL-C: High-density
lipoprotein cholesterol; HS-CRP: High-sensitivity C-reactive protein; IL-

10: Interleukin-10; IL-19: Interleukin-19; LDL-C: Low-density lipoprotein
cholesterol; SBP: Systolic blood pressure; T2DM: Type 2 diabetes mellitus;
TC: Total cholesterol; Th2: T-helper2; UAE: Urinary albumin excretion

Acknowledgments
None.

Funding

This work was supported by KangDa Institute of Medicine and Health
Development Foundation of Nanjing Medical University (No.
NYKDKJ2015020).

Availability of data and materials
The datasets obtained and analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions

LL, JYH, ZQY and XGJ participated in the design of the study and drafted the
manuscript. JYX, FL and GCZ performed the statistical analysis and helped
draft the manuscript. LZ, HMG, SJZ and JM participated in the data collection
and performed the experiments. All authors reviewed and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate

The study was approved by the Human Investigation Committee of BinHai
County hospital (BHEA, 2015-11), and written informed consent was
obtained from all the study participants.

Author details

1Department of Clinical Laboratory, Binhai County Hospital, Binhai, Jiangsu
Province, China. *School of Medicine, Jiangsu University, Zhenjiang, China.
3Department of Clinical Laboratory, Binhai County Second Hospital, Binhai,
Jiangsu Province, China.

Received: 14 October 2016 Accepted: 11 February 2017
Published online: 15 February 2017

References

1. Rasul S, Reiter MH, llhan A, et al. Circulating angiopoietin-2 and soluble Tie-
2 in type 2 diabetes mellitus: a cross-sectional study. Cardiovasc Diabetol.
2011;10:55.

2. Jaumdally RJ, Goon PK, Varma C, et al. Effects of atorvastatin on circulating
CD34+/CD133+4/ CD45- progenitor cells and indices of angiogenesis
(vascular endothelial growth factor and the angiopoietins 1 and 2) in
atherosclerotic vascular disease and diabetes mellitus. J Intern Med. 2010;
267:385-93.

3. Fujita T, Ogihara N, Kamura Y, et al. Interleukin-18 contributes more closely
to the progression of diabetic nephropathy than other diabetic
complications. Acta Diabetol. 2012,49:111-7.

4. Nguyen D, Ping F, Mu W, et al. Macrophage accumulation in human
progressive diabetic nephropathy. Nephrology (Carlton). 2006;11:226-31.

5. Yamamoto Y, Kato |, Doi T, et al. Development and prevention of advanced
diabetic nephropathy in RAGE-overexpressing mice. J Clin Invest.
2001;108:261-8.

6. Saraheimo M, Teppo AM, Forsblom C, et al. Diabetic nephropathy is
associated with low-grade inflammation in type 1 diabetic patients.
Diabetologia. 2003;46:1402-7.

7. Navarro-Gonzélez JF, Mora-Fernandez C. The role of inflammatory cytokines
in diabetic nephropathy. J Am Soc Nephrol. 2008;19:433-42.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 5 of 6

Hansen TK, Forsblom C, Saraheimo M, et al. Association between mannose-
binding lectin, high-sensitivity Creactive protein and the progression of
diabetic nephropathy in type 1 diabetes. Diabetologia. 2010;53:1517-24.
Ninomiya T, Perkovic V, de Galan BE, et al. Albuminuria and kidney function
independently predict cardiovascular and renal outcomes in diabetes. J Am
Soc Nephrol. 2009,20:1813-21.

Stehouwer CD, Gall MA, Twisk JW, et al. Increased urinary albumin excretion,
endothelial dysfunction, and chronic low-grade inflammation in type 2
diabetes progressive, interrelated, and independently associated with risk of
death. Diabetes. 2002;51:1157-65.

Gallagher G, Dickensheets H, Eskdale J, et al. Cloning, expression and initial
characterization of interleukin-19 (IL-19), a novel homologue of human
interleukin-10 (IL-10). Genes Immun. 2000;1:442-50.

Jordan WJ, Eskdale J, Boniotto M, et al. Human IL-19 regulates immunity
through auto-induction of IL-19 and production of IL-10. Eur J Immunol.
2005;35:1576-82.

Huang F, Wachi S, Thai P, et al. Potentiation of IL-19 expression in airway
epithelia by IL-17A and IL-4/IL-13: important implications in asthma.

J Allergy Clin Immunol. 2008;121:1415-21.

Li HH, Lin YC, Chen PJ, et al. Interleukin-19 upregulates keratinocyte growth
factor and is associated with psoriasis. Br J Dermatol. 2005;153:591-5.

Liao SC, Cheng YC, Wang YG, et al. IL-19 induced Th2 cytokines and was
up-regulated in asthma patients. J Immunol. 2004;173:6712-8.

Barrett JC, Clayton DG, Concannon P, et al. Genome-wide association study
and meta-analysis find that over 40 loci affect risk of type 1 diabetes.

Nat Genet. 2009;41:703-7.

Ellison S, Gabunia K, Richards JM, et al. IL-19 reduces ligation-mediated
neointimal hyperplasia by reducing vascular smooth muscle cell activation.
Am J Pathol. 2014;184:2134-43.

Jain S, Gabunia K, Kelemen SE, et al. The anti-inflammatory cytokine
interleukin 19 is expressed by and angiogenic for human endothelial cells.
Arterioscler Thromb Vasc Biol. 2011;1:167-75.

England RN, Autieri MV. Anti-inflammatory effects of interleukin-19 in
vascular disease. Int J Inflamm. 2012;2012:253583.

Gabunia K, Autieri MV. Interleukin-19 can enhance angiogenesis by
Macrophage Polarization. Macrophage (Houst). 2015;2:e562.

Li L, ZHeng Qing Y, Juan Yu H, et al. Association between interleukin-19
and angiopoietin-2 with vascular complications intype 2 diabetes.

J Diabetes Investig. 2016;7:895-900.

Elsherbiny NM, Al-Gayyar MM. The role of IL-18 in type 1 diabetic
nephropathy: the problem and future treatment. Cytokine. 2016;81:15-22.
Donate-Correa J, Martin-Nurez E, Muros-de-Fuentes M, et al. Inflammatory
cytokines in diabetic nephropathy. J Diabetes Res. 2015,2015:948417.

Mora C, Navarro JF. Inflammation and diabetic nephropathy. Curr Diab Rep.
2006,6:463-8.

Yan X, Sano M. God gives IL-19 with both hands: anti-inflammatory but pro-
angiogenic. J Mol Cell Cardiol. 2015;80:20-2.

Pennathur S, Heinecke JW. Oxidative stress and endothelial dysfunction in
vascular disease. Curr Diab Rep. 2007;7:257-64.

Taal MW, Zandi-Nejad K, Weening B, et al. Proinflammatory gene expression
and macrophage recruitment in the rat remnant kidney. Kidney Int.
2000;58:1664-76.

Timoshanko JR, Kitching AR, Holdsworth SR, et al. Interleukin-12 from
intrinsic cells is an effector of renal injury increscentic glomerulonephritis.

J Am Soc Nephrol. 2001;12:464-71.

Yin Q, Zhai Q, Wang D, et al. Investigation on the association between
inerleukin-10 -592C/A, 819C/T and -1082A/G gene polymorphisms and
development of diabetic nephrophathy. Int J Clin Exp Pathol. 2015,8:15216-21.
Parrish-Novak J, Xu W, Brender T, et al. Interleukins 19, 20, and 24 signal
through two distinct receptor complexes. Differences in receptor-ligand
interactions mediate unique biological function. J Biol Chem. 2002;,277:
47517-23.

Dumoutier L, Leemans C, Lejeune D, et al. Cutting edge: STAT activation by
IL-19, IL-20 and mda-7 through IL-20 receptor complexes of two types.

J Immunol. 2001;167:3545-9.

Matsuo Y, Azuma YT, Kuwamura M, et al. Interleukin 19 reduces
inflammation in chemically induced experimental colitis. Int
Immunopharmacol. 2015;29:468-75.

Cuneo AA, Herrick D, Autieri MV. IL-19 reduces VSMC activation by
regulation of mRNA regulatory factor HuR and reduction of mRNA stability.
J Mol Cell Cardiol. 201049:647-54.



Li et al. BMC Nephrology (2017) 18:65

34.

35.

36.

37.

38.

39.

Liu Q, Jiang CY, Chen BX, et al. The association between high-sensitivity C-
reactive protein concentration and diabetic nephropathy: a meta-analysis.
Eur Rev Med Pharmacol Sci. 2015;19:4558-68.

Gorska-Ciebiada M, Saryusz-Wolska M, Borkowska A, et al. C-reactive protein,
advanced glycation end products, and their receptor in type 2 diabetic,
elderly patients with mild cognitive impairment. Front Aging Neurosci.
2015;29:209.

Kang ES, Kim HJ, Ahn CW, et al. Relationship of serum high sensitivity C-
reactive protein to metabolic syndrome and microvascular complications in
type 2. Diabetes Res Clin Pract. 2005;69:151-9.

Arik HO, Yalcin AD, Gumuslu S, et al. Association of circulating sTRAIL and
high-sensitivity CRP with type 2 diabetic nephropathy and foot ulcers. Med
Sci Monit. 2013;29:712-5.

Yamaoka-Tojo M, Tojo T, Masuda T, et al. C-reactive protein-induced
production of interleukin-18 in human endothelial cells: a mechanism of
orchestrating cytokine cascade in acute coronary syndrome. Heart Vessels.
2003;18:183-7.

Jennings P, Crean D, Aschauer L, et al. Interleukin-19 as a translational
indicator of renal injury. Arch Toxicol. 2015,89:101-6.

Page 6 of 6

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients selection
	Laboratory analysis
	Statistical analysis

	Results
	Clinical characteristics of participants
	IL-19 levels in T2DM with normoalbuminuria, microalbuminuria and macroalbuminuria
	Correlation analysis
	Multivariable logistic regression analyses

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

