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Purpose: Diabetic kidney disease (DKD), which is related to inflammation and immune
response, is the primary vascular complication of diabetes mellitus and also the leading
etiology of end-stage renal disease. Urinary extracellular vesicles (UEVs) are an attractive
source for biomarker detection as they involve molecular constituents derived from their
parental sections of the nephron. In this study, we aimed to search for a potential biomarker
in UEVs for the early diagnosis and prediction of DKD, especially before the emergence of
microalbuminuria.

Patients and Methods: UEVs were isolated from the urine of healthy subjects, pre-
diabetic, and diabetic patients with varying degrees of kidney damage by ultracentrifugation,
and the extracted UEVs were used to measure alphal-antitrypsin (a1-AT) by Western blot.
To explore the function of al-AT in the inflammatory process leading to DKD, we silenced
the expression of o1-AT in renal tubular epithelial cells using cell transfection techniques to
assess the differential expression of the inflammatory factors such as MCP-1 and TNF-a
using qRT-PCR.

Results: There was no expression of al-AT in the UEVs of either healthy or pre-diabetic
subjects. Its expression was significantly increased in the UEVs of diabetic patients with
normoalbuminuria (prior to microalbuminuria), which was more sensitive and more stable
than other renal indexes to predict DKD. Additionally, the expression of a1-AT in UEVs was
gradually upregulated with the aggravation of DKD and the decline of renal function. In
vitro, the mRNA expression of MCP-1 and TNF-a was significantly decreased when the
generation of al-AT in tubular epithelial cells was inhibited under high glucose stimulation.
Conclusion: Our results suggest that al-AT derived from UEVs, especially in diabetic
patients with normoalbuminuria, might serve as a potential noninvasive biomarker for
diagnosis of DKD early in the development of the disease and may predict the future decline
of renal function.

Keywords: diabetic kidney disease, urinary extracellular vesicles, biomarker, alphal-
antitrypsin, inflammation, tubular epithelial cell

Introduction

Diabetes mellitus (DM) has become the most frequent metabolic disease across the
world. According to The International Diabetes Federation (IDF), about 1 in 11
adults suffered diabetes mellitus globally in 2015," of which over 90% suffer from
type 2 DM.*” Diabetic kidney disease (DKD) is the primary vascular complication
of DM and is the major etiology of end-stage renal disease (ESRD).* At present,
microalbuminuria is the most widely used noninvasive marker for early detection of

submit your manuscript

Dove n

http:

in O

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13 2037-2048 2037
© 2020 Ning et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
b licenses/b

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c / y-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0001-9739-6563
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Ning et al

Dove

diabetic renal damage in the clinic. However, recent stu-
dies demonstrate that type 2 diabetic patients can com-
monly display advanced renal pathological changes while
remaining in a normoalbuminuric state.® Furthermore,
microalbuminuria is not a specific marker for DKD,
because it can also appear in patients with other progres-
sive chronic kidney diseases (CKD).”* The gold standard
for diagnosis is an invasive renal biopsy, but this process
could result in serious complications of variable severity
and cannot be performed frequently in patients with DM.’
Therefore, screening for specific and sensitive biomarkers
is urgently needed for the early diagnosis of DKD and
long-term monitoring of progression to ESRD.

Over the past decade, extracellular vesicles (100-
1000nm in diameter) have been the focus of liquid biopsy
studies for their potential role used as biomarkers in clinical
diagnosis. Urinary extracellular vesicles (UEVs) are an
attractive source of candidate marker detection since they
involve molecular constituents derived from parental sec-
tions of the nephron, including endothelial cells, proximal
tubular epithelial cells, and podocytes.'®'? UEVs play
a significant role in the homeostasis and advancement of
kidney disease through participation in multiple cell—cell
contact and cell-environment communication by transfer-
ring various messenger molecules (proteins, nucleic acids,
and lipids) to recipient cells.'* Moreover, UEVs can remain
uncontaminated by blood-borne extracellular vesicles as
they are large-sized bodies that cannot get through the
glomerular filtration barrier.'"* Examining UEVs for dia-
betic kidney disease biomarkers may serve as a potential
and logical diagnostic approach replacing renal biopsies
and assessing microalbuminuria, as these vesicles can be
obtained noninvasively, are easy to isolate and are derived
from the kidney and urinary tract.

Present research indicates that the pathogenesis of dia-
betic kidney disease is multifactorial, in which inflammation
and immune response play a critical role.'>'® Furthermore,
pro-inflammatory signaling pathways and their downstream
molecules are suggested as novel biomarkers and potential
therapeutic targets.'” Alphal-antitrypsin (o.1-AT, AAT), also
called a1-proteinase inhibitor or serpin A1, is one of the most
critical serine proteinase inhibitors in human plasma,
encoded by the SERPINA1 gene. Alphal-antitrypsin per-
forms diverse roles in the regulation of inflammation,
immune response, cell apoptosis, and proliferation, depend-
ing on its different biological characteristics.'® %' Although
al-AT in the blood is mainly produced by the liver, a large
number of studies have found that many extrahepatic tissues,

including intestinal epithelial cells, alveolar epithelial cells,
pancreatic microvascular endothelial cells, monocytes,
T lymphocytes, and articular cartilage, can also secrete
al-AT.?*2° In addition, it has been demonstrated that renal
tubular epithelial cells can express al-AT at both the protein
and mRNA levels, and the expression can be upregulated by
LPS.?” Therefore, we hypothesized that al-AT might also be
involved in the inflammatory processes involved in the pro-
gression of DKD. In this study, we assessed whether a.1-AT
derived from urinary extracellular vesicles could serve as
a noninvasive diagnostic and prognostic early biomarker in
diabetic patients at different stages of the disease, and
explored the significance of al-AT in the pathogenesis
of DKD.

Patients and Methods

Population Design

This cross-sectional study was conducted on 147 subjects
(40 healthy people, 40 pre-diabetic patients, 28 diabetic
patients with normoalbuminuria, 28 diabetic patients with
microalbuminuria and 11 diabetic patients with macroal-
buminuria), who were strictly screened from 1529 physical
examinations, recruited from six communities in Wanzhai
County, Zhuhai City, China, from January to April 2018.
Healthy individuals were required not to have a history of
smoking and drinking of alcohol, or of chronic diseases
such as cancer, kidney disease, hypertension, diabetes, and
liver disease, and no history of medication in the past three
months. All physical examination indicators of healthy
individuals in this study were within normal ranges. Pre-
diabetes was diagnosed as impaired fasting glucose
(5.6mmol/L< FPG <7.0mmol/L) and/or abnormal glucose
tolerance (7.8mmol/L< OGTT <I11.lmmol/L, and/or
5.5%=< HbAlc <6.4%). The inclusion criteria for diabetes
mellitus were based on the Japan Diabetes Society
Diagnostic Criteria,”® and the included patients could
only have one other chronic disease to eliminate the inter-
ference of other diseases. The grouping was based on the
urinary albumin-to-creatinine ratio (ACR), according to
the Expert Consensus on Prevention and Treatment of
Diabetic Nephropathy 2014 criteria (ACR <3mg/mmol
for normoalbuminuria, 3mg/mmol< ACR <30mg/mmol
for microalbuminuria, ACR >30mg/mmol for macroalbu-
minuria). Participants with malignant disease, other pro-
gressive kidney diseases, chronic liver disease, coronary
heart disease, stroke, women while on their menstrual
period, urinary tract infections, unexplained decline in
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eGFR, and unqualified specimens were excluded. The
unqualified specimens included samples collected without
an overnight fast and/or stopping of medication for at least
10h before taking the sample, samples which were not the
fresh first-morning urine from participants, or samples
which were less than 80mL in volume. All participants
were required to have no history of surgery or blood
transfusion within the past year. This study was carried
out in accordance with the guidelines of the Helsinki
Declaration for experiments involving humans and
approved by the Ethics Committee of the Third Affiliated
Hospital of Southern Medical University, Guangzhou. All
patients and healthy subjects signed written informed
consent.

Laboratory Examination

All blood and urine samples were collected after overnight
fasting, and any medication use was stopped for at least 10h
before sample collection. Samples were transported to the
clinical laboratory center of the Third Affiliated Hospital of
Southern Medical University within 3h after collection.
Serum creatinine (SCr), fasting plasma glucose (FPG), uric
acid (UA), blood urea nitrogen (BUN), high-density lipopro-
tein cholesterol (HDL-C), and triglyceride (TG) were mea-
sured by the colorimetric method. Low-density lipoprotein
cholesterol (LDL-C) was calculated indirectly. High sensi-
tivity c-reactive protein (hsCRP) was detected by immuno-
turbidimetry, while interleukin- 6 (IL-6) was detected by
ELISA. Estimated glomerular filtration rate (eGFR) was
calculated as 186 X (SCr) '** X (Age) *?* X 0.742 (if
female).?’ Urinary albumin-to-creatinine ratio was calculated
by dividing the value of urinary albumin by urinary creati-
nine. Body mass index (BMI) was calculated as the ratio of
weight (in kg) to height squared (in m?). Waist-to-height ratio
(WHtR) was calculated by dividing the value of waist cir-
cumference by height, which was considered as the index for

central obesity.>*>?

Urine Preparation and Isolation of

Urinary Extracellular Vesicles

Fresh first-morning urine samples (80mL) were collected
from all subjects in sterile containers and centrifuged at
2000 x g (Thermo Legend Mach 1.6R, Wilmington, DE,
USA) for 30 min at 4°C (within 3 hours after collection) to
remove the particulate matter, including cells and cell
fragments. The supernatants were then stored at —80°C
until further analysis. Subsequently, the clarified urine

was centrifuged at 17,000 x g at 4°C for 10 minutes in
a JA20 rotor (Avanti J-26S XP, Beckman, USA) to remove
large membrane vesicles and other cell organelles, and the
supernatant was moved to another sterile container. The
pellets were resuspended in 200uL separation solution
(250mmol/L  sucrose, 10mmol/L triethanolamine, pH
7.6), and then 40mg DTT was added to the suspension at
37°C for 10 min to dissolve the Tamm-Horsfall protein
polymeric network. After that, the mixture was centrifuged
at 17,000 x g at 4°C for 10 minutes to retrieve the extra-
cellular vesicles in the pellet. The supernatants from the
previous two steps were mixed and ultracentrifuged at
170,000 x g at 4°C for 65 minutes in a Ti70 rotor
(Optima XPN-100, Beckman, USA). Finally, the resulting
UEVs pellets were solubilized in 300uL. PBS per sample
and stored at —80°C. The identification and purity of
UEVs were analyzed by Nanoparticle Tracking Analysis
(NTA) and Transmission Electron Microscope (TEM).

Nanoparticle Tracking Analysis

The UEVs suspension (2 pl) was diluted in PBS at a ratio of
1: 1000, and the diluted UEVs were extracted with a 1 mL
syringe and slowly injected into the nanoparticle tracer ana-
lyzer sample tank. After loading the sample into the sample
loading tank, the sample loading port and the sample outlet
were plugged. The nanoparticle tracking analyzer NS3000
(NanoSight3000) was used to track the Brownian trajectory
of UEVs nanoparticles, and the concentration and size range
of the extracted UEVs in each study group were analyzed.

Transmission Electron Microscopy

We verified the morphological characteristics of extracellu-
lar vesicles by Transmission Electron Microscopy. UEVs
(30 uL) were adsorbed on formvar/carbon-coated copper
grids for 2 minutes, after which the excess fluid was
removed using filter paper. The grids were then exposed
for 10 minutes to 20 uL 2% phosphotungstic acid, and the
excess fluid was removed again. After that, the grids were
washed twice with water, and airdried for 2 minutes. Finally,
the samples were examined with TEM (JEM-2100).

Western Blot

Total protein of urinary extracellular vesicles and cultured
cells was extracted by RIPA lysis buffer (Beyotime, China)
containing 1% protease inhibitor cocktail (PMSF, Beyotime,
China), fully oscillated and then incubated statically for 30
min at 4°C. The protein lysate was centrifuged at 12,000 x g at
4°C for 10 minutes to remove the remaining debris and the
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supernatants were used as total UEVs lysates and cell lysates.
The protein concentration of cultured cells was quantified
using a Pierce BCA Protein Assay Kit (Thermo scientific,
USA). Afterwards, equal amounts of cellular protein (20pg)
and the same volumes of UEVs protein (20uL) were used to
SDS-page on 10% polyacrylamide gels and transferred onto
PVDF membranes (Millipore, USA) at a constant current of
200mA for 90min, which were then blocked at room tempera-
ture for 2h and blotted with primary antibodies overnight at 4°
C. Membranes were probed with the following primary anti-
bodies respectively: rabbit polyclonal anti-ol-AT antibody
(abcam, UK) at a dilution of 1:1000, rabbit monoclonal anti-
TSG101 antibody (abcam, UK) at a dilution of 1:1000, mouse
monoclonal anti-GAPDH antibody (abclonal, China) at
a dilution of 1:5000, and mouse monoclonal anti-B-actin anti-
body (Proteintech, USA) at a dilution of 1:5000. The ECL
Western blotting detection system was used to observed the
bands.

RNA Isolation and Quantitative RT-PCR
Analysis

Total RNA was extracted from cultured human proximal
tubular epithelial cells (HK-2) using Total RNA Extraction
Reagent (Vazyme, China). The RNA was purified and
reverse transcribed with PrimeScript™ RT reagent Kit
(TAKARA, Japan) to generate cDNA, followed by gqRT-
PCR using TB Green® Premix Ex Tag™ II (TAKARA,
Japan) to detect the expression of relative mRNA of relevant
indicators and the internal standard. The sequences of the
gRT-PCR primers were shown as follows: 5-CATC
AAGAAGGTGGTGAAGCAG-3' and 5'-GTGTCGCTGT
TGAAGTCAGAG-3' for GAPDH as the internal standard;
5'-CATCTACTCCCAGGTCCTCTTCA-3" and 5'-GAGGA
GGTTGACCTTGGTCTG-3' for TNF-0; 5-GCAATCAA
TGCCCCAGTCA-3' and 5-ACACTTGCTGCTGGTGAT
TCTT-3' for MCP-1; 5'-GAAGGGTACTCAAGGGAAAA
TTG-3' and 5-TCACCAGAGCAAAAACTGTGTCT-3' for
al-AT. The quantitative RT-PCR analysis was conducted in
a Lightcycler 96 (Roche, Switzerland) and all tests were
performed at least three times. The cycling parameters were
5 sec at 95°C, followed by 30 sec at 55°C and 30 sec at 72°C,
for totally 50 cycles.

Cell Culture and Stimulation

Human proximal tubular epithelial cells (HK-2) were pur-
chased from the American Type Culture Collection
(ACTT, USA) and were grown in normal glucose (1g/L

D-Glucose) DMEM medium (Gibco, USA) containing
10% fetal bovine serum (FBS, Gibco, USA) under 5%
CO, at 37°C. HK-2 cells were used between the S5th and
10th passages for all experiments. The cell monolayers at
60—-80% confluence were cultured in serum-free DMEM
media containing 5.5 mM (1g/L) D-glucose for 24 h and
then split into five experimental groups based on glucose
concentration. To observe the effect of high glucose on
HK-2 cells, we assessed the following conditions: 5.5mM
glucose as normal control (NC), 15mM glucose, 30mM
glucose, 45SmM glucose, and 5.5mM glucose+39.5mM
mannitol as osmotic pressure control group (OP). After
48 h stimulation, protein and RNA were extracted from
confluent cells for further analysis.

CCK-8 Analysis

Cell counting kit (CCK-8 kit, KeyGEN, China) was used to
assess cell viability and HK-2 cells were cultured in the same
condition as mentioned above. Adjusted the cell concentra-
tion to 0.5 x 10*/mL, and seeded in a 96-well plate with 100
ulL/well in seven replicates per experimental group. After
covered with 70% of the bottom of the well plate, interven-
tion factors were added to the plate according to the group-
ing. 90 pul fresh medium and 10 pl CCK-8 solution were used
to replace the original medium in each well after 48
h stimulation and the 96-well plate was incubated in the
dark for 1 h. Control wells (untreated cells, culture medium
and CCK-8 solution) and blank wells (culture medium and
CCK-8 solution) were also set up. The absorbance at 450 nm
was detected using a plate reader (Bio-TEK, SynergyHTX).

Cell Transfection

When HK-2 cells covered 70% of each well in a 6-well
al-AT siRNA or siRNA
(GenePharma, China) were transfected into HK-2 cells for
1224 h using LipofectamineTM 3000 Transfection Reagent
(Invitrogen, USA). After transfection, intervention reagents

plate, Negative Control

were added to the wells according to the grouping as fol-
lows: normal glucose (5.5mM) with Negative Control
siRNA (NC), high glucose with Negative Control siRNA
(30mM), and high glucose with al-AT siRNA (30mM
+siRNA). After 48 h of stimulation, transfection efficiency
and the differential expression of relative factors were deter-
mined using Western blot and quantitative RT-PCR.

Statistical Analysis
The clinical data were expressed as mean + standard deviation
(SD) and analyzed using one-way ANOVA, followed by the
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LSD post hoc test for multiple comparisons (SPSS 20.0). All
the quantitative RT-PCR data and statistical data of Western
blot were finished using GraphPad Prism7 (GraphPad Prism
Software, USA) and analyzed with Student’s #test. Statistical

significance was accepted as p<0.05 in all tests.

Results
Demographic and Clinical Characteristics
of Study Subjects

Baseline characteristics of healthy subjects and patients with
various degrees of diabetes mellitus are shown in Table 1.
Compared with healthy subjects and pre-diabetic patients,
diabetic patients were significantly older, had a higher body
mass index, waist-to-height ratio, blood pressure and trigly-
ceride level, and had a lower level of high-density lipoprotein
cholesterol. Additionally, patients with microalbuminuria and
those with macroalbuminuria had significantly higher levels
of fasting plasma glucose, insulin, uric acid, serum creati-
nine, blood urea nitrogen and inflammatory factors (hyper-
sensitive C-reactive protein, interleukin-6), and had lower

estimated glomerular filtration rate than the other groups.

Table 1 Demographic and Clinical Characteristics of Subjects

However, there was no statistical difference in low-density
lipoprotein cholesterol levels between the groups.

Characteristics of Urinary Extracellular

Vesicles

Isolation of extracellular vesicles from urine is presently
a non-specific, tedious, and complicated process. To deter-
mine the effectiveness of the extraction method and observe
the distribution and concentration of UEVs, the extracted
UEVs were analyzed using Nanoparticle Tracking Analysis
(NTA) and Transmission Electron Microscope (TEM). The
size and concentration of UEVs in different groups detected
through NTA are shown in Table 2. There were no statisti-
cally significant differences in size and concentration of
UEVs between healthy subjects, pre-diabetic patients, and
diabetic patients in different degrees across the study. As
shown in Figure 1A, the size of these nanoparticles had
a maximum peak value of 120.7 £ 9.2 nm, and most of
them were less than 300 nm in size, which conformed to
the diameter range of extracellular vesicles (100-300 nm). In
addition, the TEM analysis revealed that the isolated UEVs
were round or oval in shape of variable sizes, which formed

Variable NC (n=40) Pre-DM (n=40) | DM-Normal (n=28) | DM-Micro (n=28) | DM-Macro (n=11) | P
Age, y 475 % 10.0 545 £ 8.1 585%70 62.0 + 8.0 66.4 % 142 <0.001
Male, n (%) 20 (50%) 13 (33%) 11 (39%) 10 (36%) 4 (36%) 0.587
Weight, kg 559 +87 60.2 £ 10.7 60.6 = 10.6 658 = |1.7 634 % 166 0.008
Height, cm 157.6 +7.3 1554 + 8.0 1584 + 7.4 1574 + 87 155.0 £ 9.5 0.48
BMI, kg 'm 2 225 %26 25.0 £ 40 24.1 £33 26.6 + 44 26.1 £ 47 <0.001
Waist, cm 786 + 84 85.0 + 103 86.5 * 9.1 924 +93 90.2 £ 15.7 <0.001
WHtR 0.50 + 0.05 0.55 + 0.07 0.55 £ 0.05 0.59 + 0.06 0.58 + 0.08 <0.001
SBP, mmHg 116.6 £ 102 | 130.8 + 15.1 140.0 + 16.3 146.2 £ 18.1 161.1 + 14.2 <0.001
DBP, mmHg 74372 822+ 7.1 85.0 + 8.1 89.4 £ 938 915+ 11.9 <0.001
TG, mmol/L 0.97 + 0.37 1.89 + I.1 185+ 1.6 20312 226 £ 1.0 <0.001
HDL-C, mmol/L 1.64 £ 0.3 1.49 + 0.4 1.46 + 0.4 .39+ 03 1.36 £ 0.3 0.033
LDL-C, mmol/L 291 £09 340 £ 0.9 342+ 12 340 £ 1.3 2.96 % 1.1 0.l6l
FPG, mmol/L 48+03 6.0+04 8615 95 % |7 11.2+19 <0.001
INS, uU/mL 8.1 3.6 143 +8.0 11.0+57 14.0 £ 8.0 16.0 £ 9.0 <0.001
UA, umol/L 278.6 £50.2 | 348.1 £ 63.1 295.6 + 49.8 3365 £ 815 3546 £91.5 <0.001
SCr, umol/L 64.1 £ 9.1 633 £ 10.1 68.3 £ 86 722 % l6.1 100.2 + 49.6 <0.001
eGFR, mL/min/1.73m? | 98.4 + 10.9 96.2 + 8.7 922 + 6.7 840 139 61.5 % 19.1 <0.001
BUN, mmol/L 441 1.0 505+ 1.2 524+ 12 527 £ 1.1 7.2 £32 0.001
ACR, mg/mmol 1.3+£06 1.3+07 1.5+06 79+48 55.5 +28.1 <0.001
hsCRP, mg/L 134+ 1.6 219 £ 2.1 204 £29 5.65+92 497 +538 0.002
IL-6, pg/mL 351+ 1.7 336+ 14 3.8+ 1.2 454 +35 475 1.1 0.028

Note: All values given as mean * standard deviation.

Abbreviations: BMI, body mass index; WHtR, waist-to-height ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyceride; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; INS, insulin; UA, uric acid; SCr, serum creatinine; eGFR, estimated
glomerular filtration rate; BUN, blood urea nitrogen; ACR, urinary albumin-to-creatinine ratio; hsCRP, hypersensitive C-reactive protein; IL-6, interleukin-6; n, sample size.
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Table 2 Comparison of Size and Concentration Through NTA

Group Concentration, E12 Particles/mL Size (Mode), nm
NC 1.22 £ 0.1 1222 + 1838
Pre-DM 1.94 £ 1.1 1264 + 1.6
DM-normal 091 £0.7 1151 £ 139
DM-micro 203 £ 0.6 128.6 £ 25.8
DM-macro 079 £ 04 113.9+£938

P value 0.324 0.847

Notes: All values given as mean *
particles/mL.

Abbreviations: NTA, Nanoparticle Tracking Analysis; NC, healthy person; pre-
DM, pre-diabetic patients; DM-normal, diabetic patients with normoalbuminuria;
DM-micro, diabetic patients with microalbuminuria; DM-macro, diabetic patients
with macro-albuminuria.

standard deviation. EI2 particlessmL = 10'2

an intact continuous bilayer membrane about 120 nm in
diameter at high magnification (Figure 1B). This conformed
a typical morphological characteristic of extracellular
vesicles.

Differential Expression of al-AT in UEVs
from Participants

The UEVs samples were analyzed by Western blot with
antibodies specific to alphal-antitrypsin (al1-AT) and tumor
susceptibility gene 101 (TSG101), a well-characterized
extracellular vesicles marker (Figure 2A).>* TSG101 was

Concentration (particles / ml)
Concentration (particles / ml)

7
o 620 705

o 10 200 300 400 50 60 700 800 %0 1000 o 10 200 300
Size (nm)

expressed in all groups and used as the internal standard.
We considered the ratio of gray values between al-AT and
TSG101 in each group as their relative expression of a1-AT.
Based on the statistical analysis of more than three Western
blots (Figure 2B), a1-AT was not found in the UEVs of either
healthy subjects (NC) or pre-diabetic patients (pre-DM).
However, expression increased significantly in the UEVs of
diabetic patients with normoalbuminuria (ahead of microal-
buminuria). The expression of al-AT in UEVs was upregu-
lated with the emergence and progression of albuminuria,
indicating that a1-AT might serve as a diagnostic and mon-
itoring indicator for diabetic kidney disease.

Impact of Increasing Glucose Concentration

and Osmotic Pressure on HK-2 Cells

To elucidate the mechanisms of al1-AT secretion from prox-
imal tubular epithelial cells, we examined both protein and
mRNA expression of al-AT in cultured HK-2 cells under
high glucose and hypertonic stimulation (Figure 3A). The
expression of al-AT was presented at basal levels in the
normal control group (NC), and upregulated with increasing
glucose concentration stimulation both at the protein and at
the genetic level. On the other hand, mannitol stimulation,
used as an osmotic pressure control group (OP), led to

Concentration (particles / ml)

412,40 385 705 760 813 443 565 112

400 500 600 700 80 900 1000 0 10 200 300 400 500 600 700 80 90 1000

Size (nm) Size (nm)

100nm

Figure | Characteristics of three representative urinary extracellular vesicles observed by Nanoparticle Tracking Analysis (NTA) and Transmission Electron Microscope
(TEM). (A) The distribution and concentration of urinary extracellular vesicles were evaluated using NTA. (B) Electron morphology of urinary extracellular vesicles under
TEM. The original magnification was x10.0k, %X30.0k, x40.0k in sequence from left to right.
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Figure 2 Different expression of al-AT and TSGI01 in urinary extracellular vesicles from different groups. (A) Western blot analysis for al-AT and TSGI0I in UEVs from
each group. (B) Statistical analysis for the ratios of gray values between o|-ATand TSG101 in different groups from results of Western blot experiments (n=40, 40, 28, 28, 1|

in each group, respectively). Ratio=gray value of al-AT/TSGI10I. **P<0.01, ***P<0.001.

Abbreviations: NC, healthy person; pre-DM, pre-diabetic patients; DM-normal, diabetic patients with normoalbuminuria; DM-micro, diabetic patients with microalbumi-

nuria; DM-macro, diabetic patients with macro-albuminuria.

a slightly lower expression of al-AT compared with that in
45mM high glucose. Moreover, we detected cell viability
using CCK-8 analysis and analyzed the mRNA expression
of inflammatory factors such as monocyte chemotactic pro-
tein 1 (MCP-1) and tumor necrosis factor-a. (TNF-o)) in HK-2
cells under various glucose concentrations by quantitative
RT-PCR, to verify whether high glucose has a damaging
effect on renal tubular epithelial cells and is capable of
inducing a cellular inflammatory response. CCK-8 analysis
showed that the viability of HK-2 cells gradually decreased
in increasing glucose concentrations. However, viability only
slightly decreased in the osmotic pressure control group
(Figure 3B), confirming that high glucose harms renal tubu-
lar epithelial cells. On the other hand, quantitative RT-PCR
analysis showed that high glucose stimulation significantly
upregulated the expression of MCP-1 and TNF-a mRNA in
a dose-dependent manner (Figure 3C and D).

The Role of al-AT in Inflammation in
Diabetic Kidney Disease

To explore the function of al-AT in the inflammatory pro-
cess of diabetic kidney disease, we stimulated cultured HK-
2 cells in vitro with 30 mM high glucose solution to mimic
diabetic kidney injury, and silenced the expression of o1-AT
using cell transfection to observe the differential expression
of inflammatory factors. As shown in Figure 4A, the expres-
sion of al-AT protein and mRNA was significantly upregu-
lated in the high glucose stimulation condition, as compared
with the normal control group, but presented a significant
decline after treating with a1-AT siRNA, which exhibited
an excellent transfection efficiency. In addition, high glu-
cose stimulation significantly increased the expression of

inflammatory factors, such as MCP-1 and TNF-a, while the
expression was just slightly upregulated compared with the
normal control group after cell transfection (Figure 4B).
The above differences were statistically significant, indicat-
ing that a1-AT could promote the expression of inflamma-
tory factors MCP-1 and TNF-a in HK-2 cells under high
glucose stimulation.

Discussion

Diabetic kidney disease is a clinical syndrome characterized
by persistent albuminuria, and/or a decline in estimated glo-
merular filtration rate (eGFR, <60mL/min/1.73m?) in
patients with diabetes mellitus. It is often accompanied by
raised arterial blood pressure and enhanced cardiovascular
morbidity and mortality. In our cross-sectional study, we
found that patients with diabetic kidney disease were more
likely to suffer from a series of risk factors of metabolic
syndromes, such as overweight, central obesity, and lipid
metabolism disorders (abnormal metabolism of TG and
HDL-C), and had a higher prevalence of hypertension and
hyperuricemia, which has a similar pathogenesis to diabetic
kidney disease. In addition, we also found that the progres-
sion of diabetic kidney injury was positively correlated with
the expression levels of FPG, insulin, and inflammation
indicators (hsCRP and IL-6) in patients with DKD. In the
present clinical application, albuminuria is generally classi-
fied based on the value of the albumin-to-creatinine ratio
(ACR) in a single urine sample or the excretion of urinary
albumin in 24-hours urine samples. Although microalbumi-
nuria is the most widely used clinical indicator for the early
diagnosis of DKD, there are limits of its diagnostic accuracy
for DKD since albumin excretion is susceptible to the exter-
nal environment,** and might be posterior to the structural

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13

submit your manuscript

2043

Dove


http://www.dovepress.com
http://www.dovepress.com

Ning et al

Dove

NC 15mM 30mM 45mM OP

s Mn‘
? T ",

A al-AT

B-actin e s S GNP GNP /°kDa

al-AT
4
g *
2 3- _|_
>
= % %
S 2-
w
P
x 14
E
0-
< N N N 4
O T S
C
MCP-1
2.54 *kkk
Jek ek
S 2.0- -
g *kk
L 1.5
Q
i
% 1.0
£ 0.51
0.0-
< N N N 4
A S S

CCK8
150 -
Fkkk
X gk
2 1004 .
E
S
> -
= 50 4
(6]
0-
) N N N NS
< ()
R
D
TNF-a
2.5+
* %%
S 2.0- *xx T
]
'd
L 1.51
a
i
% 1.0
£ 0.51
0.0-
<O N N N R
< \9,6‘ & @6‘ o

Figure 3 Impact of increasing glucose concentration and osmotic pressure on HK-2 cells. (A) The expression of a|-AT protein and mRNA levels were analyzed by Western
blot and quantitative RT-PCR (qRT-PCR), respectively. (B) Cell viability of HK-2 cells in each group using CCK-8 analysis. (C and D) qRT-PCR analysis for expression of
inflammatory factors such as MCP-1 and TNF-o in HK-2 cells. NC: normal control group (5.5mM glucose); |5mM: I5mM glucose; 30mM: 30mM glucose; 45mM: 45mM
glucose; OP: osmotic pressure control group (5.5mM glucose+39.5mM mannitol). ¥P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

damage of kidney.*>*” Furthermore, microalbuminuria is
not specific for the diagnosis of DKD as it can also occur in
non-diabetic patients with progressive chronic kidney dis-
ease and under some circumstances, including high protein
diet, infection, fever, urinary tract infection, and congestive
heart failure.” Of note, renal biopsy is the most reliable
diagnostic method for DKD, but it is not feasible to conduct
biopsies for all diabetic patients or use it to assess disease
progression due to its invasiveness and other factors.
Therefore, there is an urgent need to identify more specific
and sensitive biomarkers that can accurately predict patients’
susceptibility to DKD and assess the risk of progressing to
end-stage renal disease.

Extracellular vesicles have been studied extensively in
recent years. These vesicles may carry a variety of molecules
with meaningful biological information. Urinary extracellular
vesicles are emerging as an ideal noninvasive specimen source
for potential biomarkers of kidney diseases owing to their easy
accessibility and capacity to directly reflect the real-time status
of tissue inflammation and kidney damage. No standardized
technologies have until now been developed to isolate and
purify UEVs owing to their complexity and variation. The
most common approaches include ultracentrifugation, density
gradient isolation using sucrose, ultrafiltration, antibody-
based affinity capture, and polymer-based precipitation.*®
We used ultracentrifugation to extract UEVs in this study.
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Figure 4 Effects of ol-AT siRNA transfection on HK-2 cells under high glucose stimulation. (A) Western blot and qRT-PCR analysis for transfection efficiency of al-AT
siRNA in HK-2 cells stimulating with high glucose. (B) Differential expression of MCP-1 and TNF-o mRNA levels in HK-2 cells treating with a|-AT siRNA transfection under
high glucose stimulation measured by qRT-PCR. NC: normal glucose (5.5mM) with Negative Control siRNA; 30mM: high glucose (30mM) with Negative Control siRNA;

30mM+siRNA: high glucose (30mM) with al-AT siRNA. *¥P<0.01, **P<0.0001.

We effectively separated extracellular vesicles from contami-
nants as confirmed by nanoparticle tracking analysis, trans-
mission electron microscope, and Western blot. Besides, there
were no statistically significant differences in the size and
concentration of UEVs between healthy subjects, pre-
diabetic patients, and diabetic patients at various degrees of
the disease in our study.

In a preliminary experiment, we characterized the associa-
tion between five candidate markers of urinary extracellular
vesicles and kidney function in patients with diabetic kidney
disease. Among the five biomarkers, such as prostaglandin-
H2D-isomerase (PTGDS), matrix metalloproteinase 9
(MMP9), alphal-microglobulin (a.1-MG), alphal-antitrypsin
(a1-AT) and clusterin (CLU), only the expression of al-AT
derived from UEVs could predict diabetic kidney injury
before microalbuminuria using Western blot assays. In healthy
conditions, as well as impaired fasting glucose or abnormal

glucose tolerance, ol-AT was not expressed in UEVs.
However, al-AT derived from UEVs increased in diabetic
patients with normoalbuminuria, while only a part of those
patients presented with abnormal renal function examinations
(SCr, eGFR, BUN). Moreover, the expression of a1-AT gra-
dually increased in UEVs with the aggravation of diabetic
kidney disease and the decline in renal function. These results
indicate that a.1-AT derived from urinary extracellular vesicles
could potentially be an early diagnostic and prognostic bio-
marker of diabetic kidney disease prior to microalbuminuria
and a more stable and sensitive indicator of diabetic kidney
injury than eGFR or SCr. Studies from Carlson’s and Liew’s
teams showed that o1-AT could be detected in renal tubular
epithelial cells by immunohistochemistry.**** However, it has
not been reported whether high glucose stimulation could
directly induce renal tubular epithelial cells to produce
al-AT. We showed in vitro that al-AT expression is low in
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tubular epithelial cells in normal glucose concentrations, but
increases with higher glucose stimulation. Our data suggest
that renal tubular epithelial cells can secrete a1-AT even in the
physiological steady-state, and high glucose stimulation can
effectively activate the inflammatory response, thereby pro-
moting the secretion of inflammatory factors MCP-1 and
TNF-a in tubular epithelial cells. Inflammation can further
induce the upregulation of al-AT, which may excrete into
urine through extracellular vesicles only when renal function
is impaired, allowing detection in UEVs. We also found that
with the aggravation of diabetic kidney damage, the levels of
FPG and inflammatory indicators (hsCRP and IL-6) in
patients with DKD gradually increased, and the expression
of al-AT in UEVs was significantly upregulated, consistent
with the results of cell experiments.

To further investigate the regulatory role of al-AT in the
inflammatory process of renal tubular epithelial cells in dia-
betic kidney disease, we silenced the expression of al-AT in
tubular epithelial cells and found that the mRNA expression
of MCP-1 and TNF-a significantly decreased under high
glucose stimulation. This indicates that a1-AT may promote
the expression of MCP-1 and TNF-a in renal tubular epithe-
lial cells in diabetic kidney disease. It also suggests that
blocking the production of al-AT in tubular epithelial cells
might be a new approach to delay the progression of DKD by
diminishing the inflammatory process involved. At present,
several studies have shown that al-AT plays an anti-
inflammatory role in the development of chronic inflamma-
tion and some diseases.*! However, our research shows that
the inflammatory factors MCP-1 and TNF-a significantly
decrease when the generation of al-AT in tubular epithelial
cells during the inflammatory process is inhibited. These
discrepancies may be due to variation between study sub-
jects, research methods, interventions and observed indexes.
Additionally, there might be other factors in the al-AT to
MCP-1/TNF-a pathways involved in renal tubular epithelial
cells in diabetic kidney disease, which requires further com-
prehensive research to explore the underlying mechanisms.

Conclusion

Urinary extracellular vesicles are nanoparticles released
from the urinary tract containing information of the cells
of origin. Our study is the first to find that the expression
of al-AT in UEVs increased significantly in diabetic
patients with normoalbuminuria, and was gradually upre-
gulated with the progression of diabetic kidney disease.
Our data thus suggested that al-AT derived from UEVs,
could be used as a potential noninvasive biomarker for the

diagnosis of DKD prior to microalbuminuria and may
predict a future decline in renal function. In vitro, al-AT
could promote the expression of MCP-1 and TNF-a in
renal tubular epithelial cells in DKD, which suggested
that al-AT played a role in the inflammatory process
involved in the progression of DKD. Due to the limitation
of the number of patients recruited in our research, further
verification in prospective cohorts with more subjects is
thus warranted.
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