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Background

® podocytes are highly specialized epithelial cells which cover the outer aspect of » the tubular theory concerning albuminuria in the course of diabetes mellitus states that albuminuria is caused primarily by impaired tubular uptake of
the glomerular basement membrane, playing an important role in the function of intact albumin rather than by an increased leakiness of the glomerular filtration barrier
the glomerular filtration barrier ® In previous studies we showed that in type 2 diabetes
® detection of podocytes in the urinary sediment of various glomerular diseases even in the normoalbuminuria stage
has been shown to indicate * this observation suggests a potential role of the PT in urinary nephrin and urinary VEGF processing in early DN, a fact which could be related to
® urinary podocytes may be a useful marker of disease activity in diabetic advanced glycation end- products (AGE) intervention
nephropathy (DN)

*to evaluate a potential association of urinary podocytes with PT dysfunction

il
A l I I | Of St u d *we queried if this association could be related to AGE intervention, which may
impact both the PT and the podocytes th d

» 86 patients with type 2 DM attending the Department of Diabetes and Metabolic Diseases (34-normoalbuminuria; 30-microalbuminuria; All p were assessed concerning: e urinary podocytes were examined in cell cultures by immunofluorescence utilizing a monoclonal antibody against
22-macroalbuminuria) and 28 healthy control subjects e GFR podocalyxin

e a cross-sectional study e C-reactive protein (CRP) * cultures of unnary podocyles were performed as follows: Midstream urine samples of 15ml were collected in sterile tubs

e inclusion criteria ° | VGCa | | and centrifuged at 700g for 5 minutes. The pelleted cellular material was washed twice with PBS without Ca and Mg

¢ long-standing DM (>5 years) (Gibco-Life Technologies, Catalog No. 16120-036) suspended in appropriate medium [RPMI 1640 with glutamine

]
» normoalbuminuria (urine albumin-to-creatinine ratio (UACR) <30 mg/g) or microalbuminuria (UACR between 30 and 300 . supplemented with 10% fetal bovin serum, insulin-transferrin-selenium G (Gibco- Life Technologies, Catalog No. 41400-
mg/g), = 045) and 1% penicillin/streptomycin (Gibco-Life Technologies, Catalog No. 15140-122)], and cultured on cell culture flasks
» patients were on oral antidiabetic medication, angiotensin-converting enzyme inhibitors (ACEls) or angiotensin Il 5 coated with type | collagen (from rat tail- Gibco-Life Technologies, Catalog No. 15373-021). After 12hours, the cells were
receptor blockers (ARBs), and statins detached with trypsin, suspended in PBS, and cytocentrifuged at 700g for 5 minutes. The slides were fixed with the
. primary antibody [Podocalyxin Mouse Monoclonal Antibody (Clone 3D3), Invitrogen- Life Technologies, Catalog No. 39-
x 3800] for 60 minutes. After washing, the slides were incubated with the secondary antibody [fluorescein goat anti-mouse
Ex o . ° a enad-| ES lgG-(H+L), F2761, Invitrogen-Life Technologies, Catalog No. 15667-139] and examined by immunofluorescence
Statistical anaIySIS microscopy. Urinary podocytes were expressed as cells/ml.
» clinical, biological and cerebral haemodynamics indices are presented as means, Standard Deviations(SD) and proportions eurinary KIM-1, , plasma AGEs, and urinary AGEs were
o for the differences among the groups were used to compare the means among the three groups. evaluated by the ELISA method
e simple il cartegression analyses were carried out to evaluate the significance of the relation between continuous variables for all groups together (pooled e serum cystatin C, urinary alpha1 microglobulin and albuminuria were assessed by
data). . - e _ _ . . means of particle-enhanced immunonephelometry using the BN ProSpec System
» only significant variables yielded by univanate regression analysis were introduced in the models for /v aabie recresan analyas (00 nell R st |
» the P values for all hypothesis tests were two-sided, and statistical significance was setat -~ '/* ,‘,,j = was defned and the stages(1-0) of CKD were established according to the
» All analyses were conducted with Stata 9 2 (Statacorp, Texas, USA). AL Cuidelines 2012 (estimated GFR- CKD-EPI equation formula)

» Podocytes were detected in the urine of 10% of the healthy controls, 24% of the normoalbuminuric, 40% of the microalbuminuric, and 82% of the macroalbuminuric patients

| e e S u | tS » The demographic, clinical and laboratory data of the patients and control subjects are presented in

Table 2. Univariable regression analysis for Table 3. Multivariable regression analysis for urinary podocytes

podocytes UACR: uninary albumin:creatinine ratio; Alpha1/creat: urinary alpha,-microglobulin:creatinine ratio;

eGFR: estimated glomerular filtration rate; hsCRP: KIM-1/creat: urinary kidney injury molecule-1:creatinine ratio; VEGF/creat: urinary vascular endothelial growth factor:creatinine ratio;
'''' high-sensitive C-reactive protein; UACR: urinary Nephrin/creat: urinary nephrin:creatinine ratio; eGFR: estimated glomerular filtration rate;

albumin:creatinine ratio; hsCRP: high-sensitive C-reactive protein; AGE: advanced glycation end-products.

-------- Alpha1/creat: urinary alpha,-microglobulin:creatinine ratio;
KIM-1/creat: urinary kidney injury molecule-1:creatinine
ratio;

Nephrin/creat: urinary nephrin:creatinine ratio;
VEGF/creat: urinary vascular endothelial growth
factor-creatinine ratio;

AGE: advanced glycation end-products.
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Seumcholetenl(mod)  1R25(1% 18 260826 2909828 250439 004 0001 0010 00001

erides (md) 10650651335 1535008193 151502619 UBS(44Z18 059 008 0031 0000

148(115:281)  3ME251)  1E52162)  UBQ5036M <0001 00001 <0001 00001
UACR (mg/a) 1748(1602:19.26)  2704(2148;2825  B8071(44.28;11538)  88665(527.92.1267.15)  <00001  <00001  <0.0001  0.0001 €GFR - o0 0050 0.0066 to -0.0027
Cystatin C (mg/L) 068 (0.63; 0.76) 0.88 (0.63; 0.98) 0.88 (0.78; 0.99) 171 (147 200) 0290 00001  <00001  0.0001 hsCRP 0.319 0.477 -0.5698 to 1.2084
Alphal/creat (mal) 322(2%;353) 3.74 (352 6.25) 6.94 (4.6;9.08) 508 (33.38; 66.47) 00001  <00001  <00001  0.0001 Cholesterol 0.008 0.180 -0.0209 to 0.0039
Nephrin/creat (mofg) 0.08 (0.03; 0.09) 0.11 (0.09; 0.15) 085 (041; 146) £.09 (3.79; 10.06) 00001  <00001  <00001  0.0001 SO e e T "_—
Podocytes 0(0;0) 0(0;0) 30.7) 55(0; 10) 0.035 0.0001 0027 00001 Nephrin/creat 0.534 0.509 <0.001
HbA, -0.141 0.570 -0.6335 to 0.3509

VEGF/creat (ngla) 38.1 (19.42: 47.75) 834 (60.4; 114.6) 10345(87.69;2008)  716.02(55563;1317.24)  0.008 00001  <00001  0.0001 VEGF/creat 0535 0.007 <0.001

KIM-1/creat (ng/g) 4852(4202:6164) 7466 (47.89; 98.68) 107.84 (66.08;134)  686.36 (408.06; 85352) 0.001 00001  <00001  0.0001 Urinary AGE 0217 0.007 <0.001 i s il i TR S
Urinary AGE (pgfmi) 1$55(32.13,3540)  37.99(3290.6360)  57.36(3646,108204)  467.34 (24893, 765.00) 0.009 00001  <00001  0.0001 Plasma AGE 0187 00008  <0.001 Plasma AGE -0.0004 0.050 -0.0008 to -8.03e-0.7
Plasma AGE (pg/mi) 30410 (2748337025 37341 (30477:67420)  65285(55133;752.14) 471816 (3754.90;618469)  <0.0001  <0.0001  <00001  0.0001

Table 1. Clinical and biological data of the patients studied

DM: diabetes mellitus; SBP: systolic blood pressure; DBP: diastolic blood pressure; eGFR: estimated glomerular filtration rate; hsCRP: high-sensitive C-reactive protein; UACR: urinary albumin:creatinine ratio; Alpha1/creat:
urinary alpha,-microglobulin:creatinine ratio; Nephrin/creat: uninary nephrin:creatinine ratio; VEGF/creat: urinary vascular endothelial growth factor:creatinine ratio; KiM-1/creat: urinary kidney injury molecule-1:creatinine ratio; I S ‘ : | I S S I O I l

AGE: advanced glycation end-products; p*: group 2 vs. group 3; p**: group 2 vs. group 4; p***: group 3 vs. group 4; p: group 1 vs. group 2 vs. group 3 vs. group 4.

» to the best of our knowledge this is the first study to demonstrate an association between PT dysfunction and urinary podocyles, as assessed
in cell cultures, and their damage biomarkers, nephrin and VEGF.

+ podocyte detachment may also occur in healthy subjects, as shown by our results in the control group

-
$ « the number of urninary podocytes correlated with UACR and with the podocyte damage biomarkers, nephrin and VEGF, even in the
normoalbuminuria stage
ﬁ > « this hypothesis is reinforced by the observation in our study of healthy subjects who displayed a few number of urinary podocytes, but they
\ | did not present with increased levels of nephrinuria
* podocyturia correlated with the levels of urinary VEGF, which were increased even in normoalbuminuric patients

Fig 1. A. Small-sized urinary cell colonies with typical Fig 1. B. Morphology of urinary podocytes and expression Fig 1. C. Morphology of urinary podocytes and expression of podocyte » urinary podocytes correlated with the levels of urinary alpha,-microglobulin and urinary KIM-1, even in patients with high-to-normal levels of
epithelial cell morphology; these cells display small buds of podocyte -specific marker-podocalyxan; Immunofiuorescence -specific marker podocalyxin; Immunofluorescence microscopy, x40 : -

of foot processes. Phase contrast microscopy, x40 microscopy, x20 albuminuria

» this observation raises the possibility of , the latter phenomenon showing the role of major
importance of the PT in albumin processing in early DN

it
I . n = In patients with type 2 diabetes urinary podocytes are found even in the normoalbummuna stage

« there is an associati ir damage biomarkers, nephrin and VEGF ACkn OWIedge ments

e AGE could be mvolved in podocytuna as well as in PT dysfunctlon .
* podocyturia may be a useful marker of early DN in conjunction with biomarkers of PT dysfunction and of podocyte injury This research received funding from an Internal Grant of “Victor Babes” University of
Medicine and Pharmacy Timisoara, PlII-C1-PCFI-2014/2015.
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