
SHORT COMMUNICATION

Assessment of urinary microparticles in normotensive patients
with type 1 diabetes

Yuliya Lytvyn1
& Fengxia Xiao2 & Christopher R. J. Kennedy2 & Bruce A. Perkins3 &

Heather N. Reich4
& James W. Scholey4 & David Z. Cherney4 & Dylan Burger2,5

Received: 25 September 2016 /Accepted: 30 November 2016 /Published online: 21 December 2016
# Springer-Verlag Berlin Heidelberg 2016

Abstract
Aims/hypothesis Assessment of urinary extracellular vesicles
including exosomes and microparticles (MPs) is an emerging
approach for non-invasive detection of renal injury. We have
previously reported that podocyte-derived MPs are increased in
diabetic mice in advance of albuminuria. Here, we hypothesised
that type 1 diabetes and acute hyperglycaemia would increase
urinary podocyte MP levels in uncomplicated diabetes.
Methods In this post hoc exploratory analysis, we examined
archived urine samples from normoalbuminuric patients with
uncomplicated type 1 diabetes studied under clamped
euglycaemia and hyperglycaemia and compared with healthy
controls. Urinary vesicles were assessed by electron micros-
copy and nanoparticle tracking while podocyte MPs were
assessed by flow cytometry.

Results Neither vesicle size nor total number were significant-
ly altered in type 1 diabetes or acute hyperglycaemia. By
contrast, urinary podocyte MP levels were higher in type 1
diabetes (0.47 [0.00–3.42] MPs/μmol creatinine [Cr]) com-
pared with healthy controls (0.00 [0.00–0.00] MPs/μmol Cr,
p<0.05) and increased under hyperglycaemic clamp (0.36
[0.00–4.15] MPs/μmol Cr during euglycaemia vs 2.70
[0.00–15.91] MPs/μmol Cr during hyperglycaemia,
p<0.05). Levels of urinary albumin to creatinine ratio and
nephrin (surrogates of podocyte injury) were unchanged by
type 1 diabetes or acute hyperglycaemia.
Conclusion/interpretation Taken together, our data show that
urinary podocyte MP levels are higher in patients with type 1
diabetes in advance of changes in other biomarkers (albuminuria,
nephrin). Examination of podocyte MPs may serve as an early
biomarker of glomerular injury in uncomplicated type 1 diabetes.
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Abbreviations
DBP Diastolic BP
miR MicroRNA
MP Microparticle
NTA Nanoparticle tracking analysis
SBP Systolic BP
TEM Transmission electron microscopy

Introduction

Extracellular vesicles are membrane-derived bilayered struc-
tures that are released by cells into the extracellular

David Z. Cherney and Dylan Burger contributed equally to this study.

Electronic supplementary material The online version of this article
(doi:10.1007/s00125-016-4190-2) contains peer-reviewed but unedited
supplementary material, which is available to authorised users.

* Dylan Burger
dburger@uottawa.ca

1 Department of Pharmacology and Toxicology, University of Toronto,
Toronto, ON, Canada

2 Kidney Research Centre, Ottawa Hospital Research Institute,
451 Smyth Rd, Ottawa, ON, Canada K1H 8M5

3 Department of Medicine, Division of Endocrinology, Mount Sinai
Hospital, University of Toronto, Toronto, ON, Canada

4 Department of Medicine, Division of Nephrology, University Health
Network, University of Toronto, Toronto, ON, Canada

5 Department of Cellular and Molecular Medicine, University of
Ottawa, Ottawa, ON, Canada

Diabetologia (2017) 60:581–584
DOI 10.1007/s00125-016-4190-2

http://dx.doi.org/10.1007/s00125-016-4190-2
http://crossmark.crossref.org/dialog/?doi=10.1007/s00125-016-4190-2&domain=pdf


environment [1]. While nomenclature can be inconsistent, ex-
tracellular vesicles may be broadly sub-classified by size and
mechanism of formation into exosomes, apoptotic bodies, and
microparticles (MPs, also known as microvesicles) [1]. MPs
(0.1–1.0 μm) are characteristically formed through the out-
ward blebbing of the plasma membrane following cell injury
[1]. Because of the nature of their formation and the retention
of phenotypic properties of the cells from which they origi-
nate, MPs are emerging biomarkers in vascular and renal dis-
ease [1, 2]. In this regard, we recently reported that podocyte-
derived MPs are increased in urine from diabetic mice in ad-
vance of albuminuria, suggesting that their enumeration may
be useful in the identification of early podocyte injury in dia-
betes [2]. The purpose of the present study was to assess
changes in urinary extracellular vesicles in patients with un-
complicated type 1 diabetes under clamped euglycaemia and
hyperglycaemia compared with healthy controls under
normoglycaemic conditions.

Methods

We conducted a post hoc exploratory analysis to assess uri-
nary podocyte MPs in archived urine samples obtained from
patients with uncomplicated type 1 diabetes compared with
healthy controls. Healthy controls were studied during
normoglycaemia and individuals with type 1 diabetes were
studied under clamped euglycaemia (4–6 mmol/l) and
hyperglycaemia (9–11 mmol/l). We performed a comprehen-
sive characterisation of urinary vesicles using nanoparticle
tracking analysis (NTA), transmission electron microscopy
(TEM) and flow cytometry. Vesicle size and quantity were
assessed and the utility of enumeration of urinary podocyte
MPs was compared with existing surrogates of podocyte in-
jury (nephrinuria, albuminuria). Studies were carried out in
accordance with the Declaration of Helsinki, all study partic-
ipants gave their informed consent and the study was ap-
proved by the University Health Network research ethics
board.

For more detailed methods, please refer to the electronic
supplementary material (ESM).

Results

Both healthy controls and participants with type 1 diabetes
were young, normotensive and normoalbuminuric (Table 1).
Baseline variables were similar between both groups, al-
though heart rate was higher in the cohort with type 1 diabetes
(Table 1). Study participants could not be taking anti-
hypertensive or lipid-lowering agents. All patients were using
an insulin pump or a multiple insulin dose regimen at the time
of the screening visit. As expected, patients with type 1

diabetes exhibited higher GFR and HbA1c. Out of the 25 par-
ticipants with type 1 diabetes, 14 exhibited normofiltration
(56%) and 11 hyperfiltration (44%), where hyperfiltration
was defined as GFR≥135 ml min−1 1.73 m−2.

Figure 1a shows the morphology of vesicles obtained fol-
lowing ultracentrifugation of pooled human urine. TEM re-
vealed a heterogeneous mixture of structurally intact vesicles
including exosomes (identified as 40–100 nm vesicles with
cup-shaped morphology) and MPs (100–1000 nm vesicles
with intact membrane). Rarely, apoptotic bodies (>1000 nm
vesicles) were also seen. To further assess extracellular vesicle
size and quantity, NTA was performed on cell-free urine. A
size range from ∼30–1000 nm was observed by NTA. There
were no differences in vesicle size or total vesicle concentra-
tion among the groups studied (not shown).

We subsequently assessed levels of podocyte-derived MPs
in human healthy controls and type 1 diabetes samples using
flow cytometry. Podocyte-derived MPs were identified by
positive staining for both annexin V and podoplanin, with a
size between ∼180 nm (lower limit of detection) and
∼1000 nm. Using this approach the intra-assay variability
was 6.6% and the inter-assay variability was 11.3%. While
the majority of healthy controls showed little to no detectable
urinary podocyteMPs, levels of urinary podocyteMPs in type
1 diabetes were higher compared with healthy controls
(Fig. 1b). In addition, levels of urinary podocyte MPs were
increased in a subset of individuals during clamped
hyperglycaemia compared with clamped euglycaemia
(Fig. 1c). Nine participants had no detectable podocyte MP

Table 1 Baseline patient characteristics

Variable Healthy controls
(n= 20)

Type 1 diabetes
(n= 25)

Baseline

Male 10 (50%) 11 (44%)

Age (years) 24.4 ± 3.7 25.0 ± 5.2

Diabetes duration (years) – 20.5 ± 4.0

BMI (kg/m2) 23.3 ± 2.8 24.7 ± 3.2

HbA1c (%) 5.3 ± 0.3 8.2 ± 1.2*

Haemodynamic function

HR (bpm) 64± 8 73± 12*

SBP (mmHg) 109 ± 12 106 ± 20

DBP (mmHg) 64± 7 67± 6

GFR, ml min−1 1.73 m−2 121 ± 19 144 ± 35*

Urinary albumin/creatinine (mg/g) 5.9 ± 6.4 5.7 ± 5.5

Serum creatinine (μmol/l) 68.0 ± 9.2 58.0 ± 8.1*

Podocyte MPs/μmol Cr 0.00 (0.00–0.00) 0.47 (0.00–3.42)*

Values are mean ± SD for normally distributed data or median and inter-
quartile range for non-normally distributed data (podocyte MPs)
* p< 0.05 for healthy controls vs type 1 diabetic patients

Cr, creatinine
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excretion at euglycaemia. Of these individuals, 1/9 showed an
increase in urinary podocyte MPs under hyperglycaemia
while 8/9 showed no induction. There were no differences in
podocyte MPs between patients with hyperfiltration and those
with normofiltration (p=0.375) and there were no correlations
observed between podocyte MP levels and urinary albumin/
creatinine ratio (p = 0.18), inulin-clearance-based GFR
(p=0.90), systolic BP (SBP; p=0.16), diastolic BP (DBP;
p=0.11), heart rate (p=0.44) or diabetes duration (p=0.45).

Nephrin release into the urine has also been proposed as a
biomarker of podocyte injury in diabetes [3]. We therefore
examined urinary nephrin levels by ELISA. As shown in

Fig. 1d, e, there were no differences in urinary nephrin levels
between healthy controls and type 1 diabetes and no differ-
ences between clamped hyperglycaemia and clamped
euglycaemia. Urinary nephrin levels showed no correlation
with urinary podocyte MPs (p=0.29).

Discussion

A growing body of evidence shows that cells ubiquitously
release a diverse range of membrane vesicles of endosomal or
plasmamembrane origin [1]. Once released, these vesicles may
be found in a host of biological fluids including plasma, cere-
brospinal fluid, saliva, ascites fluid and urine [4]. Consistent
with this, our TEM data of pooled urine samples revealed a
heterogeneous mixture of exosomes, MPs and apoptotic bod-
ies. While exosomes and MPs were commonly seen on micro-
graphs, the occurrence of apoptotic bodies was rare.

Urinary extracellular vesicles may also reflect renal injury.
For example, vesicles have been identified in the urine of
patients with membranous nephropathy and focal segmental
glomerular sclerosis by electron microscopy and aquaporin-2,
neprisylin and podocalyxin were noted as vesicle-associated
proteins [5]. More recently, alterations in subpopulations of
urinary vesicles have been associated with structural changes
in living donor kidneys [6]. With respect to diabetic nephrop-
athy, microRNA (miR)-130a and miR-145 are increased and
miR-155 and miR-424 are decreased in urinary exosomes
from patients with microalbuminuria [7]. Levels of Wilm’s
tumour 1 are also altered in urinary exosomes in diabetic ne-
phropathy and may be reflective of underlying injury [8].
Despite these advances, the majority of the above alterations
were seen alongside overt renal injury (i.e. proteinuria or GFR
decline). Urinary podocyte MPs are attractive surrogates of
podocyte/glomerular injury for several reasons. First, MPs
are formed under conditions of even mild cell stress thus of-
fering direct insight into the earliest stages of injury. Second,
podocyte MPs arise directly from podocytes which are among
the earliest cellular targets in diabetes and are critical to the
development of albuminuria. Third, quantification of MPs is
achieved through a simple flow-cytometry-based approach
without extensive proteomic or genomic testing. In the present
study we measured levels of podocyte-derived MPs in urines
of young adults with uncomplicated type 1 diabetes. Despite
no evidence of renal injury, higher levels of urinary podocyte
MPs were observed in this normo-albuminuric, normotensive
cohort. These results support our previous work which found
increased urinary podocyte MPs in diabetic mice and, to the
best of our knowledge, represents the first evidence that levels
of urinary podocyte MPs are higher in human diabetes.

This study has some limitations that should be considered
when interpreting its findings. As this was the first examina-
tion of podocyte MPs in human diabetes we were unable to

Fig. 1 MPs and nephrinuria in uncomplicated type 1 diabetes. (a) TEM
image of the vesicle fraction of pooled urine samples; scale bar, 1 μm.
The X symbol indicates apoptotic body, the arrow indicates MP and the
arrowhead indicates exosome. (b) Levels of log-transformed podocyte
MPs in urine from healthy controls (HC) (n= 20) and young adults with
type 1 diabetes (n= 25). (c) Levels of log-transformed podocyte MPs in
urine from participants with type 1 diabetes during clamped euglycaemia
(n = 18) and hyperglycaemia (n = 18; note overlap of 9 data points at 0 for
T1D-Eu and overlap of 8 data points at 0 for T1D Hy). (d) Levels of log-
transformed urinary nephrin from HC and young adults with type 1 dia-
betes. (e) Levels of log-transformed urinary nephrin from type 1 diabetes
during clamped euglycaemia and hyperglycaemia. *p < 0.05 vs HC,
n= 18–25. HC, healthy controls; T1D, participants with type 1 diabetes;
T1D-Eu, T1D during clamped euglycaemia; T1D-Hy, T1D during
clamped hyperglycaemia
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perform sample size calculations a priori. In addition, the im-
pact of hyperglycaemia was only assessed in type 1 diabetes,
not in healthy controls and only in a subset of individuals.
Accordingly, it is unclear whether acute hyperglycaemia in-
creases podocyte MP release under all conditions or if this
effect is restricted to type 1 diabetes. Our previous work also
showed that high glucose increases podocyte MP formation
in vitro [2]. Consistent with this, podocyte MP levels were
increased in type 1 diabetes under a 6 h hyperglycaemic clamp
when compared with a euglycaemic clamp. In addition, as our
study cohort consisted of individuals with type 1 diabetes
without renal injury, the prognostic value of high urinary
podocyteMPs is unclear at this time. It must be acknowledged
that within the present study there was no relationship seen
between podocyteMPs andmeasures of renal function (GFR).
It is possible that the lack of a relationship simply reflects the
early nature of disease in the samples analysed and that
podocyte MP formation precedes increases in albuminuria
and GFR decline; however, this remains to be tested. It is
interesting to note that increases in podocyte MPs were seen
in only approximately 30% of all samples analysed, as around
one-third of all patients with diabetes will develop diabetic
kidney disease [9]. Future studies should focus on the assess-
ment of urinary podocyte MPs at all stages of diabetic kidney
disease with the aim of establishing a temporal relationship
between increases in urinary podocyte MP levels and the de-
velopment of diabetic kidney disease. Such assessment be-
tween urinary podocyteMP levels and diabetic kidney disease
should seek to determine whether higher levels are most as-
sociated with the development of albuminuria or with the
initiation of decline in GFR.

In conclusion, this study has demonstrated for the first time
that uncomplicated type 1 diabetes is associated with signifi-
cantly higher urinary podocyte MP levels. Higher levels of
podocyte MPs were seen in advance of other measures of
glomerular injury (albuminuria, nephrinuria) and were inde-
pendent of any changes in total urinary vesicles. Our studies
set the stage for further, large-scale analysis of podocyte MPs
as markers of early diabetic kidney injury.
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