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Diabetic nephropathy (DN) is a major cause of chronic kidney disease that frequently leads to end stage renal
failure. Lysophosphatidic acid (LPA) and lysophosphatidylcholine (LPC) are lysophospholipid mediators
shown to accumulate in kidney and to promote renal inflammation and tubulo-interstitial fibrosis in diabetic
rodent models. Here we assessed whether LPA and LPCwere associated to the development of nephropathy in
diabetic human patients. Several molecular species of LPA and LPC were quantified by LC/MS–MS in urine and
plasma from type 2 diabetic patients with (cases; n = 41) or without (controls, n = 41) nephropathy
symptoms (micro/macro-albuminuria and eGFR b 60 ml/min/1.73 m2). Cases and controls were matched for
sex, age and diabetes duration. Six species were detected in urine for both LPA and LPC, LPA16:0, LPA20:4,
LPC16:0, LPC18:0, LPC18:1, and LPC18:2 that were significantly more concentrated in cases than in controls.
Total LPC and LPA (sum of detected species) were significantly and exclusively associated with albuminuria
(P b 0.0001 and P = 0.0009 respectively) and were significantly higher in the 3rd when compared to the 1st
albuminuria tertile in cases. Plasma lysophospholipids showed a different species profile urine and their
concentrations were not different between cases and controls. In conclusion, urine concentration of
lysophospholipids increases in diabetic patients with DN as the likely result of their co-excretion with
albumin combined with possible local production by kidney. Because LPA and LPC are known to promote
renal inflammation and tubulo-interstitial fibrosis, their increased production in DN could participate to the
development of kidney damage associated with diabetes.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Diabetic nephropathy (DN) is one of the major chronic complica-
tions of diabetes and contributes to increased rate of morbidity and
mortality in diabetic patients. In western industrialized countries, 15%
to 50% of patients with chronic kidney disease (CKD) have diabetes
with 90% to 95% of them consisting of type 2 diabetes.1,2

Lipids have been identified as potential contributors in DN
pathogenesis.3,4,5,6 In type 1 diabetes, the serum lipid profile was
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shown to predict DN development and progression.7 In type 2
diabetes, an association between lipid metabolism gene polymor-
phisms and nephropathy has been established.8 Products of lipid
metabolisms including esterified and non-esterified fatty acids,
carnitines, phospholipids and metabolites involved in
branch-chained amino acids and aromatic amino acids metabolisms
were frequently affected biomarkers of DKD.9 Meta-analysis indicated
that lipid reduction had a beneficial effect on the decline in GFR
associated with type 1 or type 2 diabetes.10

Lysophosphatidic acid (LPA) and lysophosphatidylcholine (LPC)
are lysophospholipid mediators with a phospholipid-based structure

bearing one fatty acid chain esterified in sn-1 or sn-2 position. There
exist several molecular species of LPA and LPC depending on the
nature of their fatty acid moiety (length and saturation). These
lysophospholipids are present in several biological fluids including
plasma and urine11,12 and are bound to transport proteins such as
albumin and lipoproteins.13

Experimental investigations in animal models have revealed that
LPA and LPC could participate in CKD pathogenesis through a
receptor-dependent promotion of proliferation, inflammation and
fibrosis in kidney.14,15 Interestingly, LPA and LPC accumulate in
kidneys from diabetic rodent models which otherwise show a renal
up-regulation of several enzymes involved in lysophospholipid
synthesis.16,17 Moreover, it has recently been reported that blocking
LPA receptor signaling inhibits nephropathy in diabetic mice.18

Therefore, increased renal production of these lysophospholipids in
diabetes could participate in the development of DN. Although such
hypothesis is supported by previous reports in rodents, its clinical
relevance in human patients remains to be demonstrated. Hence, we
designed a case/control study in type 2 diabetic patients with or
without DN, and quantified several molecular species of LPA and LPC
by LC/MS–MS in urine and plasma.

2. Methods

2.1. Patients

Plasma and urine samples were selected from the DIAB2NEPHRO-
GENE study participants (CRB BB 0033-00068, CHU Poitiers Biobank-
ing facility). The samples were collected from patients with type 2
diabetes defined according to American Diabetes Association criteria
[n = 82; 36 females, 46 males] recruited at the occasion of the
DIAB2NEPHROGENE study19 with (cases, n = 41) or without (con-
trols, n = 41) DN. Cases had DN defined as increased urinary
albumin/creatinine (uACR) with or without decreased eGFR (below
60 ml/min/1.73 m2). Controls had long-term type 2 diabetes and no
sign of DN (normoalbuminuria and eGFR above 60 ml/min/1.73 m2).

Table 1
Clinical or biological variables of the diabetic patients.

Controls (n = 41) Cases (n = 41)

Sex (males/females) 25/19 25/19
Age (years) 64.9 ± 8.8 65.9 ± 9.3
Weight (kg) 79.1 ± 15.2 84.4 ± 14.5
Height (m) 1.65 ± 0.10 1.65 ± 0.08
BMI (kg/m2) 28.9 ± 5.1 30.8 ± 5.1
HbA1c (%) 7.9 ± 1.2 8.1 ± 1.9
Duration of diabetes (years) 19.6 ± 7.1 19.5 ± 7.2
Albuminuria (mg/L) 8.4 ± 7.1 783.8 ± 1061.7 ****
Creatininuria (mmol/L) 6.5 ± 3.5 6.3 ± 3.3
uACR (mg/mmol) 1.21 ± 0.70 127.1 ± 155.7 ****
eGFR (ml/min/1.73 m2) 87.5 ± 22.7 60.6 ± 26.9 ****
Serum creatinine (μmol/l) 77.3 ± 14.3 113.7 ± 35.3 ****
Systolic blood pressure (mm Hg) 141.7 ± 17.1 149.7 ± 19.9 *
Diastolic blood pressure (mm Hg) 74.9 ± 8.6 75.6 ± 9.9
Resting heart rate (beats/min) 72.4 ± 10.3 73.5 ± 10.5
Total plasma cholesterol (mmol/L) 4.8 ± 0.9 5.1 ± 1.2
ACEI use (n/41) 8 22
ARB use (n/41) 1 17
STAT use (n/41) 7 24

ACEI (angiotensin-converting enzyme inhibitor); ARB (angiotensin receptor blocker);
STAT (statin). Values aremeans ± SD. Paired statistical analysis: *: P b 0.05; **: P b 0.01;
***: P b 0.001; ****: P b 0.0001.
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Fig. 1. Increased urinary lysophospholipids in diabetic patients. Urine concentration of individual molecular species of LPC (A) and LPA (B) and total (sum of all detected species) LPC
(C) and total LPA (D) in diabetic patients with (cases, n = 41, black bars) or without (controls, n = 41, white bars) DN. Values are means ± SEM. Unpaired statistical analysis:
*p b 0.05, **p b 0.01 and ***p b 0.001.
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