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Table 3.1: Clinical information of patient samples
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Stable DN Progressive DN Diabetic Healthy
Number of subjects 28 25 20 20
Gender
8/20 5/20 10/10 7/4 (ND=9
(Female/Male) / / / /4( )
57.4+137 4191274
+ + = + =
Age (mean £ SD) 70.3+11 (ND=5) | 64.7+10.2 (ND=4) (ND=10) (ND=8)
30.1+£6.6 259142
+ + = + =
BMI (mean * SD) 28.8+4.9 (ND=17) | 30.3 + 8.4 (ND=12) (ND=10) (ND=10)
Serum creatinine 0.98 +0.2
(mg/dL) (mean + 1.83 £ 0.2 (ND=6) 2.07 £ 0.3 (ND=5) [.ND-_:LO.) 0.8+ 0.2 (ND=10)
SD) B
eGFR (ml/min) 80.2+15.4
36.68+4.5 3392145 ND
(mean t SD) (ND=10)
eGFR change
(ml/min/year) 2.25+3.7 -9.53+4.6 NA NA
(mean 1 SD)
CKD stage CKD 3b CKD 3b NA NA

*ND = not determined (not provided information), NA = not applicable
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The uEVs were isolated based on the differential centrifugation protocol previously
developed by the Verderio group, study from de#le urine samples (Furini et al., 2018).
As shown in Figure 3.2, population of large uBMa&s isolated by lowspeed

centrifugation, whereas small uEWsre isolated by ultracentrifugation.

Differential centrifugation

Centrifugation 1
2,500xg/10'/4°C

» Pellet containing cell

OK I NI C

\

Transfer of supernatant |

y

14,500 x g

Centrifugation 2

/25'/74°C

I/

A

A

. Transfer of sﬁpernatant

Reduction of uromodulin
200 mg/mI DTT /10'/ 37°C

Y

y

14,500 x g

Centrifugation 3

/25'/4°C

Y

y

debris and apoptotic
bodies

Filtration of supernatant
0.22 pm filter

A4

Ultracentrifugation
110,000x g/ 2h/ 4°C

~ Q; - ‘j‘;.

N
Fraction of small
uEVs

Figure 3.2: Differential centrifugation method for uEVs isolation, developed from Furini et al.,
2018.1n the first centrifugation step, cell debris and large apoptotic bodies are discarded. The
second centrifugation step yields fraction of large UEVs which is then treated with reducing agent
DTT in order to untrap vesicles from uromodulin. The next raafrglibseparation is to collect

and resuspend large UEVs pellet. Supernatant is filtered through 0.22 nm filter and then in the
last step of ultracentrifugation small UEVs are recovered.
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The isolated UEVs were characterised following the minimal information for studies of
extracellular vesicles (MISEV) guidelines for EV characterisation which recommends
using different independent methods that do not have the same measurement
limitations Welsh et al., 2024) and employing healthy control subjects.

By immunoblotting (Figure 3.3), the presence of small uEVs (S) and large uEVs (L) was
shown by the expression of EV markers either cytoplasmic (ALIX, FLOT2, HSP70) or of
transmembrane origin (LAMP1), and the absence of negative control Golgi marker
(GS28)EV markers were detected from UEVs fractions isolated from 2 ml, 5ml, and 10
ml of healthy urine, showing increase in the signal of EV markers with the increasing

volume of urine.
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Figure 3.3: Western blot characterization of small (S) and large (L) uEVs isolated from 2 ml, 5
ml, and 10 ml of urine from a healthy subjed®ositive EV markers Alix, LAMP1, HSP70, FLOT?2,
and negative marker GS28 were analysed in UEVs lysates separated by H%GEDSNd
immunoblotted. Experiments were performed in three independent replicas (one shown).
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Size distribution of small and large uEMspulation was measured by nanoparticle
tracking analysis (NTA). Figure 3.4 shows that the peak size of small EVs was 120 nm, and
for large 194 nm in a healthy sample. Furthermore, the small uEVs population was 1000
fold more concentrated compared to la#guEVs using this approach. However, the
concentration estimated by NTA should be interpreted with caution, as the particles

counted may include not only EVs but alscisaates like lipoproteins, large protein

complexes, and aggregates.

Particles / ml

Small uEVs

SE+6

4E+6

4E+6

SE+5-

0E+0-

10

{ \
) |TAN
|
1000

100

Diameter(nm)

Peak diameter: 120.3 nm

Concentration: 1.2 x 10° particles/ml

—
10000

Particles / ml

Large uEVs

8E+5-]

6E+5-]

4E+5-1

2E+5

OE+0-

=

P \
/A .

100

Diameter (nm)

Peak diameter: 194 nm

Concentration: 1.1 x 108 particles/ml

1000

—
10000

Figure 3.4Size distribution of uEVs from a healthy control subject measured by nanoparticle
tracking analysis (NTAUEVswere isolated from 2 ml of healthy control urine and EV pellets
were resuspended and diluted in partidiee PBS pH 7.4. Data show the peak size of small uEVs
being close to 100 nm while the size of large uEVs was close to 200 nm.
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UEVs morphology was investigated by transmission electron microscopy (TEM) negative
staining. As shown in Figure 3.5, the uEVs displayed the characteristic membranous and
round-shaped morphology. The size of the small uEVs was confirmed to be about 100
nm, and of the large about 200 nm, which is consistent with NTA measurements (Figure

3.4).

Large uEVs
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In summary, the presence of small and large uEVs isolated by differential centrifugation
method was confirmed by showing the presence of four EV markers by Western blot,

size distribution by NTA and characteristic morphology by TEM. The next question asked
K2g GKS @BRIABSY Oxy Aa2fl 0A2y YSUK2R 02 YLI N

available method.
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Total exosome Differential
isolation reagent centrifugation
(196 proteins) (270 proteins)
49
(11.8%)

Figure 3.7: Data dependent acquisition (DDA) of uiated from 2 ml of healthy control
urine by Total exosome isolation reagent and differential centrifugation showing difference in
number of total proteins detected Higher number of proteins was identified in uEVs isolated
by differential centrifugation approach. Venn diagrams were created in Venny 2.1 and
PowerPoint.
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Healthy control urine
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Sample processing for MS and
LC-MS/MS analysis

Figure 3.8: Workflow of the comparison between UEVs samples preparations with RIPA and
urea-based lysis buffer for proteomic analysis.
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Both qualitative and quantitative proteomic analyses were conducted to explore the
difference in proteome from the uEVs preparations in different buffers. For the
qualitative proteomics, a peptide library was created by DDA from all the samples in both
comparing groups. As can be seen from Venn diagram in Figure 3.9, qualitative
proteomics revealed that the proteome size was larger in the RH3&d UuEVs
preparations and with four folds more unique proteins than in the dbeaed uEVs
preparations. Howeverabout 66% of all identified proteins were in common to both

UEVs preparations (in RIPA and ubeaed lysis buffers).

RIPA lysis Urea-based
buffer lysis buffer
(975 proteins) (755 proteins)

Figure 3.9: Venn diagrams showing the number of proteins detected by DDA from uEVs lysed
by RIPA lysis buffer and urdaased lysis bufferQualitative proteomic analysis showed that
more than 66% of detected proteins were in common, however 4x more unique proteins were
identified in UEVs prepared in RIPA lysis buffer.
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Quantitative proteomics was done by SWATH data independent acquisition (DIA) to
explore significantly differentially expressed proteins in UEVs with RIPA lysis buffer
versus UEVs with urdaased lysis buffer. As shown in Table 3.2, for the same proteins
there were generally more quantity in the RBéased uEVs lysates than udeased with
confidence level > 65% (29 proteins significantly increased and only 5 proteins
significantly decreased in UEVs lysed with RIPA compared to uEVs lysed with urea).
Among tte significantly increased proteins, only apolipoprotein D, serotransferrin, and
albumin were highly abundant plasma proteins, whereas the others were likely cell
proteins which are generally interesting disease biomarkers.

In summary, this proteomic analysis showed that using RIPA lysis buffer for uEVs samples
increases protein library in qualitative proteomics and yield in quantitative proteomics.

This suggests that RIPA is a more suitable detergent than urea for uE\és studi
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Table 3.2: Significantly differentially changed proteins in uEVs lysed with RIPA compared to
UEVs lysed with urea lysis buffeBWATH data quantification was done using SCIEX OneOmics
software with 1% FDR. Differential expression was expressed as fold change (RIPA vs urea). Out

of 1039 proteins detected; 34 were significantly changed in fRHE3&d UEVSs vs urdmsed UEVS
lysed (cofidence level > 65%)

Fold change
Protein ID Protein name Confidence
(RIPA / urea)
WFDC2_HUMAN WAP four-disulfide core domain protein 2 8.456 74%
IBP3_HUMAN Insulin-like growth factor-binding protein 3 7.819 66%
DEFB1 _HUMAN Beta-defensin 1 7.326 81%
APOD_HUMAN Apolipoprotein D 6.812 85%
IBP2_ HUMAN Insulin-like growth factor-binding protein 2 6.704 81%
COFA1 HUMAN Collagen alpha-1(XV) chain 6.190 85%
CGB3_HUMAN Choriogonadotropin subunit beta 3 6.126 79%
MAIAT HUMAN Mannosyl-oligosaccharide 1,2-alpha- 5506 729%
- mannosidase 1A
FOLR1 HUMAN Folate receptor alpha 5.252 74%
VASN HUMAN Vasorin 5.098 80%
CLUS HUMAN Clusterin 4.979 86%
PRG2 HUMAN Bone marrow proteoglycan 4.853 68%
CD5S HUMAN CD59 glycoprotein 4,153 84%
H14 HUMAN Histone H1.4 3.660 81%
ITA3_HUMAN Integrin alpha-3 3.473 87%
CRCT1_HUMAN Cysteine-rich C-terminal protein 1 3.444 79%
FBLN3_HUMAN EG F-.containi.ng fibulin-like extracellular 3371 71%
matrix protein 1
DEF3_HUMAN Neutrophil defensin 3 3.238 83%
4F2_HUMAN 4F2 cell-surface antigen heavy chain 3.050 73%
KNG1 HUMAN Kininogen-1 3.040 70%
TRFE_HUMAN Serotransferrin 2.579 72%
UROK_HUMAN Urokinase-type plasminogen activator 2.556 67%
ALBU_HUMAN Serum albumin 2.310 71%
IPSP_HUMAN Plasma serine protease inhibitor 2.158 82%
TSN1 HUMAN Tetraspanin-1 2.107 68%
ALDOB_HUMAN Fructose-bisphosphate aldolase B 2.052 74%
Guanine nucleotide-binding protein
GBB1_HUMAN G(1)/G(S)/G(T) subunit beta-1 2.028 81%
EGF_HUMAN Pro-epidermal growth factor 1.999 78%
G3P_HUMAN Glyceraldehyde-3-phosphate dehydrogenase 1.710 66%
S10AS HUMAN Protein S100-A9 -7.727 87%
SPRR3_HUMAN Small proline-rich protein 3 -4.773 83%
CALB1 HUMAN Calbindin -4.662 71%
S10A8 HUMAN Protein S100-A8 -4.482 76%
CYTB_HUMAN Cystatin-B -3.533 80%
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The size and quality of the urine proteome was compared to that of the piteome.
In this study, urines from four stable and four progressive DN patients were used, whose

clinical characteristics are shown in Table 3.3. The mean eGFR slope of the stable DN

patients was1.24+0.70, and that of progressive DN patierit§.93+3.64.

Table 3.3: Clinical information of stable and progressive DN patient samples

eGFR Serum
Sample CKD llecti eGFR slope
P DN cohort co e:: ‘on . P Age Gender BMI creatinine
ID stage point [ml/min/year]
. [mg/dL]
[ml/min]
PDN209 Stable CKD 3b 31 -1.75 83 Male 27.689 2.2
PDN266 Stable CKD 3b 38 -0.22 83 Male 33.897 1.8
PDN162 Stable CKD 3b 32 -1.35 70 Male 25.826 2.2
PDN300 Stable CKD 3b 42 -1.64 70 Male ND 1.7
PDN17 Progressive  CKD 4-3b 25 -5.92 66 Male 31.070 2.7
PDN22 Progressive  CKD 4-3b 26 -11.82 78 Male 29.069 2.6
PDN194  Progressive CKD 3b 31 -14.62 69 Male 23.723 2.26
PDN348  Progressive  CKD 4-3b 29 -11.34 54 Female 39.556 1.9

NZY



I KI LGB 8la dzf G a

A Post hogower analysis was performed using GPow®r1.9.7 software and applying
two-tailed t-test. When the effect size was determined from the intensity values of the
top 10 upregulated proteins in UEVs from progressive DN, with the confidence level
above 65%, the analysis gave experimental power 542%.

Cellfree urines were either filtered and concentrated or further depletd#dabundant

LX I &Yl LINR G SA Y a-an6itdpsa) Kansfedrin andl @apogibbin}, followed

by acetone precipitation as described in the Methods 3.3.4 and shown in Figure 3.10.
UEVs were isolated as explained earlier in Results 3.4.2.

Total amount (ug) of proteins used for downstream mass spectrometry from each

urinary sample type, stable (n=4) and progressive (n=4) cohort is shown in Table 3.4.

Table 3.4: Protein quantities used for mass spectrometry analy3ise maximum possible
amount of protein was used for each urinary sample type from stable (n=4) and progressive (n=4)
subjects. Values are expressed as mean + SD.

Protein amount in stable

Protein amountin

DN progressive DN
Urine 100 pg 100 pg
Depleted urine 1.94+2.32 g 4.21+2.05ug

Urinary EVs

35.50 + 12.46 pug

47.36 + 15.27 ug
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Figure 3.10: Workflow of the proteomic analysis of three urinary sample types: urine, urine
depleted of abundant plasma proteins, and uEVs obtained as described in the Methods 3.3.2
and 3.3.4.Study from 5 ml urineln all cases urine was from 4 stable and 4 progressive DN

patients.Image created with BioRender.com
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To assess the efficiency of the depletion, depleted urine sample lysates ard non
depleted lysates were analysed by SEXSGE and stained with Coomassie blue as shown
in Figure 3.11 which revealed that the abundant proteins were depleted in all four
patients The best depletion can be observed for albumin (66.5 kDa), followed by
haptoglobin (alpha subunit 283 kDa, beta subunit 380 kDa). Depletion can also nicely

be seen for transferrin (80 kDa), and a little bit less efficient for abpitarypsin (54

kDa).

Stable Stable Progressive Progressive

| 1 | |

-
-
—
—

1

Depleted
Non-depleted
Depleted
Non-depleted
Depleted
Non-depleted
Depleted
Non-depleted

MW

245- |
180-

135- |
100-

75-
63-

48-
35-

25-
20-

17-

11- | = s

Amount (pg) 1 20 0.8 20 3 20 1.6 20

Figure 3.11: Coomassie staining of 10% $IA&E showing the efficiency of urine depletion of
abundant plasma proteinsEqual amount (20 pg) of nesepletedurinesand equal volumg20

ul) of depleted urinescorresponding to Jug and 0.8 ug in stable DN samples and 3 ug and 1.6
Mg in progressive DN sampl@gere loaded on each lane.
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To compare the number of proteins that can be identified from the library of urine,
depleted urine and uEVs, qualitative mass spectrometry was performed. A spectral
library was created by DDA (746 proteins in total). When the proteome size of the three
urine sample types was compared, UEVs displayed the largest proteome -@ithlds

more proteins being identified than in urine or depleted urine in both the stable and
progressive DN samples (Figure 3.12). Furthermore, above 70% of unique proteins were
found in UEVs from both stable DN and progressive DN cohorts (black areas in Figure
3.12), and only 12% of proteins were in common to all three sample types (central grey

areas in Figure 3.12) in stable DN, and 11% in progressive DN.

Stable DN Progressive DN
Urine Depleted urine Urine Depleted urine
(131 proteins) (128 proteins) (94 proteins) (108 proteins)

; ’@w

446 462
(72.3%) (77.6%)

uEVs uEVs
(571 proteins) (570 proteins)

Figure 3.12. Venn diagrams showing the number of proteins detected by DDA from stable (n=4)
and progressive (n=4) DN cohorts in three urinary sample preparatiddsmparison of the

urine, depleted urine and uEVs within stable DN and progressive DN cohorts showed uEVs
sample preparation as the richest in number of detected proteins.
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Following qualitative proteomics, comparative quantitative proteomics was also carried
out to evaluate the three urine sample typdBroteins were considered significantly
differentially expressed if the confidence level was above 55% faithchangeX:1.5

for downregulated andold changex 1.5 for upregulated proteins. This result suggests
that analysis of uEMeads to identify an increased level of differences between stable
and progressive CKD by urinary proteomics. Quantitative mass spectrometry revealed
10 significantly downregulated proteins in progressive (n=4) compared to stable (n=4)
DN as shown in TabB.5. and Figure 3.13A. In the depleted urine, 5 proteins were found
significantly upregulated of which three were abundant plasma proteins (albumin,
immunoglobulin, bete2-glycoprotein) and 2 proteins significantly downregulated in
progressive DN, of wtih one was immunoglobulin (Table 3.6., Figure 3.13B).
Quantitative proteomics of the uEVs samples revealed 39 proteins significantly
differentially expressed in progressive compared to stable DN of which 20 were

upregulated and 19 downregulated (Table Fyure 3.13.C).
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Table 3.5: Significantly differentially expressed proteins between progressive (n=4) and stable
(n=4) DNull urine

Fold change
Protein ID Protein name Confidence

(Prog / Stab)
SULF2_HUMAN Extracellular sulfatase Sulf-2 -7.821 76.3%
DAF_HUMAN Complement decay-accelerating factor -5.429 72.7%
SAP3_HUMAN Ganglioside GM2 activator -5.039 69.1%
EPCR_HUMAN Endothelial protein C receptor -4,951 59.5%
KVD40_HUMAN Immunoglobulin kappa variable 2D-40 -4.680 58.8%
CD44_HUMAN CD44 antigen -4.656 62.2%
CAD13_HUMAN Cadherin-13 -3.950 60.6%
KV315_HUMAN Immunoglobulin kappa variable 3-15 -3.745 56.7%
UTER_HUMAN Uteroglobin -3.327 60.7%
LEAP2_HUMAN Liver-expressed antimicrobial peptide 2 -1.826 65.3%

Table 3.6: Significantly differentially expressed proteins between progressive (n=4) and stable
(n=4) DNurine depleted of abundant plasma proteins

Fold change
Protein ID Protein name Confidence

IProi / Stabl
HMCN1_HUMAN Hemicentin-1 10.199 63.5%
PEPC_HUMAN Gastricsin 8.329 55.3%
HV226_HUMAN Immunoglobulin heavy variable 2-26 8.015 68.1%
ALBU_HUMAN Serum albumin 3.296 71.5%
APOH_HUMAN Beta-2-glycoprotein 1 2.886 68.4%
KV113_HUMAN Immunoglobulin kappa variable 1-13 -8.143 66.3%
PPIC_HUMAN Peptidyl-prolyl cis-trans isomerase C -5.529 59.7%
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Table 3.7: Significantly differentially expressed proteins between progressive (n=4) and stable

(n=4) DNUEVs
Fold change
Protein ID Protein name Confidence
(Prog / Stab)
PEDF_HUMAN Pigment epithelium-derived factor 9.681 74.5%
ABCF1_HUMAN i\TP-blndlng cassette sub-family F member 8.399 69.5%
HEP2_HUMAN Heparin cofactor 2 8.012 70.4%
RET4A_HUMAN Retinol-binding protein 4 7.938 72.6%
FBLN5_HUMAN Fibulin-5 6.907 57.2%
THRB_HUMAN Prothrombin 6.817 84.2%
CO2_HUMAN Complement C2 6.222 69.6%
ANT3_HUMAN Antithrombin-II| 6.213 73.7%
CO9_HUMAN Complement component C9 5.765 74.3%
HEMO_HUMAN Hemopexin 5.584 61.8%
HPT_HUMAN Haptoglobin 5.243 78.1%
IGHM_HUMAN Immunoglobulin heavy constant mu 5.015 78.1%
CO1A1_HUMAN Collagen alpha-1(l) chain 4.449 59.1%
APOA4_HUMAN Apolipoprotein A-IV 4.109 73.1%
ANGT_HUMAN Angiotensinogen 4.015 61.1%
KAIN_HUMAN Kallistatin 3.907 57.5%
AFAM_HUMAN Afamin 3.834 74.4%
HGFA_HUMAN Hepatocyte growth factor activator 3.656 56.2%
CO8G_HUMAN Complement component C8 gamma chain 3.559 74.2%
TRFE_HUMAN Serotransferrin 3.274 76.4%
PEPA5_HUMAN Pepsin A-5 -7.492 55.4%
K22E_HUMAN Keratin, type Il cytoskeletal 2 epidermal -5.732 67.2%
CUBN_HUMAN Cubilin -4.195 87.5%
ANAG_HUMAN Alpha-N-acetylglucosaminidase -3.834 75.2%
AMPE_HUMAN Glutamyl aminopeptidase -3.801 69.8%
NU133_HUMAN Nuclear pore complex protein Nup133 -3.712 67.3%
NAPSA_HUMAN Napsin-A -3.495 67.1%
SAP3_HUMAN Ganglioside GM2 activator -3.463 81.3%
CD44_HUMAN CD44 antigen -3.226 55.4%
ASAH1_HUMAN Acid ceramidase -3.023 77.5%
NEP_HUMAN Neprilysin -2.946 77.2%
PCP_HUMAN Lysosomal Pro-X carboxypeptidase -2.810 68.7%
DPEP1_HUMAN Dipeptidase 1 -2.759 64.0%
SC5A1_HUMAN Sodium/glucose cotransporter 1 -2.723 56.9%
AMPN_HUMAN Aminopeptidase N -2.717 79.8%
BHMT1_HUMAN Betaine--homocysteine S- 2.471 58.3%
methyltransferase 1
IPSP_HUMAN Plasma serine protease inhibitor -2.430 79.6%
TSN1_HUMAN Tetraspanin-1 -2.287 57.7%
GNAI3_HUMAN Guanine nucleotide-binding protein G(k) 1.739 68.5%

subunit alpha
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Figure 3.13: Proteins significantly differentially changed in progressive compared to stable DN
cohorts in urine (A), depleted urine (B) and uEVs @jferential expression was expressed as
fold change (prog DN/stab DN) which was transformed into log2 for volcano plots presentation
with blue representinglownregulation and red upregulation. Dotted line shows 55% confidence

and all proteins above were considered

significantly changed. In histograms proteins are listed

according to fold change ratidsom the most differentially expressed (in either dower up-

direction) on top to the least differentially

expressed at the bottom. Volcano plots were created

using ggplot2 package in R statistical software.
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To view the expression of each protein in the individual urine samples, heat maps were

created as shown in Figure 3.14. There was a clear separation of underexpression in
progressive DN shown as a prevalence of blue colour, and overexpression in stable DN
shown as a prevalence in red colour. Depleted urine and uEVs showed more variability
among individuals. When the two proteins, Ganglioside GM2 activator (SAP3) and CD44
antigen (CD44), which appeared significantly changed in both urine and uEVs (marked
with arrows in Figure 3.14) were observed per individual sample, it can be seen that even

if both proteins were overall significantly downregulated in progressive DN from both

sample types, in UEVs this difference was less sharp.
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Figure 3.14: Heat maps showing expression of significantly differentially changed proteins
between progressive and stable DN cohort in urine (A), depleted urine (B) and uEVs (C).
Proteins are listed from the most significant on top to the least significant at the bottom,
according to confidence level. Bright blue colour represents minimum expression, and bright red
colour represent maximum expression.-&{stable patients), P4 (progressive patients). Heat
maps were created in Morpheus versatile matrisuglization and analysis software.

NT ®



I K LJg® 8I& ozt &

Cellular compartment analysis of the significantly changed proteins, done using
PANTHER (Protein Analysis THrough Evolutionary Relationships, http://pantherdb.org),
showed that the majority of proteins in all urinary sample types were localized in the
extracellular space/region or extracellular matrix and in exosomes, followed by plasma
membrane or cell surface, and cytoplasm or cytosol (Figure 3.15). However, higher
percentages of proteins located in intracellular compartments other than cytoplasm and
cytosol, such as nucleus, endoplasmic reticulum, Golgi apparatus, lysosome, and
endosome are present in the uEVs sample type compared to urine and depleted urine.
This may suggest that since uEVs are originating from kidney cells, they are enriched in
intracelular protein content compared to urine, and therefore uUEVs can be more

informative on pathophysiological changes.
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Qualitative proteomics revealed remarkably more distinct proteins identified in UEVs
compared to two urine samples, in both stable DN and progressive DN cohorts (Figure
3.12). Although qualitative proteomics does not reflect on protein abundancies, but

rather on library dimension, UEVs were richest in number of identified proteins. A similar

finding was reported in a parallel study where proteomic profiling of uEVs and urine was
performed using patients with breast cancer and healthy controls showing hlead EV's

protein library was almost 10 times more enriched compared to urine (Jeanmard et al.,

2023).
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Differential expression of detected proteins between the analysed cohorts was
performed using the opessource software for differential expression analysis StatsPro,
developed by R shiny (Version 1.3.2). In the raw SWATH data, there was frequent
occurrenceof missing values of certain proteins in certain patient samples. These
missing values are usually imputed by StatsPro. Because the interest for potential
biomarker detection was in proteins with real protein intensity values rather than those
with majority of imputed values based on approximations, the set criterion for

differential expression analysis was to include only proteins with less than 40% missing
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values meaning that the real protein intensity values had to be present in at least 60%
of all analysed patient samples (stable and progressive individuals). Therefore, pre
processing data settings included number of missing values among individual samples
being set at 0.4. Furthermore, the coefficients of variation (CV) threshold was set at 1.5
meaning that proteins with CV higher than 1.5 were excluded from the analysis. The false
discovery rate (FDR) was estimated based on the Linear Models for Migrdaata
(Limma) statistical test, which is a parametric test from an R/Bioconductor software
package used for analysing gene expression data from variousthmighput
experiments (Ritchie et al., 2015). The Benjarhiochberg (BH) method was used to
correct p-values for multiple testing. Proteins were considered differentially expressed
with the fold change (FC) £ 1.5, hence proteins with adjusted p < 0.05 and relative FC of
1.5 (i.e., the absolute logarithmic fold changes with base 2 |Log2(FCs)| > Qve85)
considered differentially expressed proteins.
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Volcano plots were created using ggplot2 package in R statistical software. Heat maps
were created in Morpheus versatile matrix visualization and analysis software.
Classification of significantly differentially changed proteins in progressive DN based on
their subcellular localization was performed using GeneCards (The Human Gene
database) and focusing on compartments with only high confidence (levels 5 and 4). The
confidence of each protein localization is ranked from 5 as the highest to 1 as the lowest
and is derived from integrated evidence from database annotations, automatic text
mining of the biomedical literature, and sequeroased predictions. Five subcellular
localization categories were created: intracellular proteins, extracellular proteins,
proteins that are localized intracellular / plasma membrane / extracellular proteins,
proteins localized at plasma membrane / extracellular proteins, and plasma proteins
listed in Anderson, 2002. Localization of significant proteins was individually checked
before classifying proteins in certain categories.

Proteinprotein interaction network of significantly upregulated and downregulated

proteins in progressive compared to stable DN was visualized by String: Functional
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protein association network v12.0. Network analysis was based on known and predicted

interactions, with confidence level 0.4 (medium confidence) which was default setting.
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Table 4.2: Clinical information of patient samples used for protein biomarker discovery

Stable DN Progressive DN Diabetic Healthy

Number of subjects 20 20 19 20

Gender

(Female/Male) 4/16 3/17 9/10 7/4 (ND=9)
56.3114.1 419+27.4

+ + + =

Age (mean t SD) 721192 65.7 £ 10.5 (ND=4) (ND=10) (ND=8)

29516.8 259+4.2
+ + = + =

BMI (mean £ SD) 28.8+4.9 (ND=1) 28.6 £ 4.3 (ND=9) (ND=10) (ND=10)

Serum creatinine
094+0.1

(mg/dL) {mean 1.83+£0.2 (ND=1) 2.09+£0.3 (ND=4) (ND=10) 0.8 £ 0.2 (ND=10)

SD)

eGFR (ml/min) 84.1+9.7

37.05+4.7 339+49 ND

(mean £ SD) (ND=10})

eGFR change

(ml/min/year) 2.22+33 -8.26+2.8 NA NA

(mean £ SD)

CKD stage CKD 3b CKD 3b NA NA

*ND = not determined (not provided information), NA = not applicable
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To understand what sample size would be needed to achieve experimental power of

95%, power analysis was performed with GPower v3.1.9.7 (Kang, H., 2021) as described

in the Methods 2.2.7 (Chapter 2) using the effect size determined from the pilot
experimentin Chapter 3 where proteomics from 4 stable and 4 progressive uEVs samples

was compared. At confidence level above 65%, the sample size required for 95% power

was shown to be 20 per cohort.

The proteomic workflow was developed as illustrated in Figure 4.1: urine samples were
individually processed to isolate small and large uEVs which were then combined in a
common fraction, resuspended and lysed in RIPA as described in the Methods 3.3.5.3
(Chapter 3). Equal protein amount of 40 pg UEVs lysate was digested and cleared of
detergentso Gi{NJ L YSGK2RO® ¢KS 200l AYySR LISLIIARS:
progressive DN, diabetic with no CKD, healthy) were then analysed -bi\°P REES]

MS/MS fa qualitative and quantitative proteomic analysis.

Currently accepted normalization methods in proteomic studies of EVs include
normalization by total protein amount, the volume of the starting material, or the

particle count from which proteins were digested and injected for mass spectrometry
analysis (Wksh et al., 2024). In this project, data were normalized in two ways; by equal

protein amount and equal volume of starting urine used to isolate EVs. The rational for

this dual analysis was that healthy urines are not rich in proteins so normalizingab equ

' Y2dzy 0 O2dzZZ R NB&adzZ G Ay SAGKSNI aF NOAFAOALF
dzy RSNI 2 RAy3 FTNRY (GKS RA&ASIF&aS 3INRdzLJd ¢KSN

applied to correct MS intensity values by EV total protein mass obtained from equal
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starting volume of urine (5 ml) used to isolate EVs (as explained in the Methods 4.3.1.1).

Goljdzk £ | Y2dzy(ié 2NJ aSljdzrt @2t dzySé¢ RIGF NBTFS

=NM



I Kl LGB 8la dzf G a

Patient sample [
cohorts Stable DN (n=20) Progressive DN (n=20) Diabetics (n=19) Healthy (n=20)

40 pg of

/—\ = /‘—\ /—Nrotein
)_T.,‘l‘_,L r’
Serial centrifugation 3> y ¢ """ uEVs resuspended 2&?& Protein N = = = NI
from 5 ml urine TP O in RIPA lysis buffer 2& ?& quantification ; > > > >
w = = =

Urine Small and large uEVs pH7.2 uEVs proteins

S-trap proteomic sample prep

'kf» &f» RP-HPLC-ESI-MS/MS Data anaIVSIs —
(StatsPro)
f, _f«};
Equal amount Equal volume

uEVs peptides normalization normalization

SCIEX TrlpIeTOF 6600 DIA-NN «_H
mass Spectrometer N

Figure 4.1 Proteomic workflow used for the discovery of UEVs protein biomarkerine samples from all patients (n=79) were

individually processed including uEVs isolation, uEVs protein quantification, generation of peptides for MS followedyyahtbdaia
analysis. Total UEVs were analysed (large and small uEVs). Figure wasiorBarender and PowerPoint.
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In order to find new UEVs protein candidate biomarkers of DN progression, UEVs proteins

from stable and progressive DN cohorts, and from diabetic and healthy control cohorts
GSNE AONBSYSRNBESEYyF 2dftA &BILNE YIaa aLISOGNR
detection of 2017 proteins in totadirom all four cohorts The spectral library was not
ISYSNIGSR a Ay GKS dahyShYAOaé | LILINRIF OK &K
in the analysed samples were identifidqy searching against the Swissprot human
database as described in the Methods 4.3.1. The number of identified proteins between

the four cohorts was compared as shown in Figure 4.2. When the proteome from 20
individual samples was combined, 1669 proteins were detected in the progressive DN
group, 1493proteins in the stable DN, 1483 proteins in healthy individuals, and 1720
proteins in the diabetic with no CKD. In terms of shared proteome, 54% proteins were
present in all four cohorts, with only ~4% of unique proteins found in progressive DN,

~4% of urque proteins in the diabetic group, ~1% in the stable DN and ~2% in the

healthy group.
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Progressive DN Diabetic
(1669 proteins) (1720 proteins)

Stable DN o Healthy
(1493 proteins) (1483 proteins)

Figure 4.2: Qualitative proteomics showing number of proteins identified in each of the four
analysed cohorts consisting of 20 individual samples (or 19 in diabetic group), based on kbrary
free DIANN approachlotal uEVs (large and small) were isolated from 5 ml of urine. Out of 2017
detected proteins, 54% were present in all four cohorts. Venn diagram was created using Venny
2.1 online tool.

When the progressive DN cohort was compared only to stable DN (Figure 4.3A), 77.8%
proteins were present in both group and 16% of proteins were unique in the progressive
DN. Similarly, 75.2% of progressive DN proteins were common to diabetic group and
11.1% were unigue proteins in progressive DN (Figure 4.3B). In a comparison of healthy
and progressive DN cohort, 67% were common and 21.4% were unique to progressive

DN group (Figure 4.3C).
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A Stable DN Progressive DN
(1493 proteins) (1669 proteins)

1384 285

(77.8%) (16%)

Diabetic Progressive DN
(1720 proteins) (1669 proteins)
1455
(75.2%)
c Healthy Progressive DN
(1483 proteins) (1669 proteins)

1265 404

(67%) (21.4%)

Figure 4.3: Qualitative proteomics showing comparison in the number of proteins identified
between progressive DN and stable DN (A), diabetic (B) and healthy (C) groups based on
library-free DIANN approachviore than 77% proteins were common to stable and progressive
DN, about 75% proteins were common to diabetic and progressive DN, and 67% to healthy and
porgressive DN. Venn diagrams were created in PowerPoint.
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Following qualitative proteomics, quantitative SWATH/MS was carried out to explore
significantly differentially expressed proteins in progressive DN progression.
Comparative proteomics was carried out in 20 progressive and 20 stable, however 3
progressive and 1 stable sample were excluded post MS processing due to lack of signal.
Therefore, quantitative proteomics data were obtained from 17 progressive DN and 19
stable DN samples.

Proteins were considered statistically differentially expressedvalpe from Limma
statistical test, adjusted according to Benjamini Hochberg, was < 0.05, and with fold
change threshold of 1.5 meaning that the absolute logarithmic fold changes witi2base
|Log2(FCs)| was > 0.585.

Since the main focus of this chapter was DN progression, data here present proteomic
comparison between progressive DN and stable DN stage, however significantly
differentially changed proteins between progressive DN and diabetics with no CKD are
shown inResult section 4.4.4.

Differential expression analysis of proteins that were present in at least 60% of biological
replicas in both stable and progressive groups included 15% of proteins (305 out of
2017). Of them, 72 proteins were significantly differentially expressed inrg@ssiye DN
(n=17) compared to stable DN (n=19): 29 upregulated (Table 4.3) and 43 downregulated
(Table 4.4). Most of the highly upregulated proteins were abundant plasma proteins
such as apolipoprotein, hemopexin, vitronectin, and also complement compadd@nt
histidine rich glycoprotein and albumin. In general, majority of upregulated proteins fell
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in the category of classic abundant plasma proteins, with the exception of thrombexane
A synthase, serine protease HTRA4, pigment epithelium derived factor, and ETS-domain
containing transcription factor ERike. The most highly downregulated proteinslie
progressive group (Table 4.4) were vasorin, podocalyxin, and mucin 1 which are not

plasma proteins.
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Table 4.3:Significantly differentiallyupregulatedproteins in UEVs from progressive (n=17) vs
stable DN (n=19) in dataset normalized to equal protein amount, listed according to fold
change (Prog /Stab)

. . FC (Prog / Adj. p-value
Protein ID Protein name Stab) (BH)

APOA1_HUMAN Apolipoprotein A-| 6.290 2.67E-05
HEMO_HUMAN Hemopexin 4.672 0.00093
VTNC_HUMAN Vitronectin 4.417 0.000569
CO09_HUMAN Complement component C9 4.408 0.001672
HRG_HUMAN Histidine-rich glycoprotein 4,219 0.001721
ALBU_HUMAN Albumin 4.036 0.004574
VTDB_HUMAN Vitamin D-binding protein 3.975 0.001721
THAS_HUMAN Thromboxane-A synthase 3.753 0.002016
HTRA4_HUMAN Serine protease HTRA4 3.608 0.002108
ANT3_HUMAN Antithrombin-II 3.519 0.003294
TTHY_HUMAN Transthyretin 3.446 0.012877
TRFE_HUMAN Serotransferrin 3.247 0.009066
HEP2_HUMAN Heparin cofactor 2 3.154 0.016021
FIBG_HUMAN Fibrinogen gamma chain 3.074 0.012541
FIBB_HUMAN Fibrinogen beta chain 2.998 0.01383
APOA4_HUMAN Apolipoprotein A-IV 2.977 0.0184

PLMN_HUMAN Plasminogen 2.930 0.016021
ITIH2_HUMAN Inter-alpha-trypsin inhibitor heavy chain H2 2.926 0.01383
IGHG1_HUMAN Immunoglobulin heavy constant gamma 1 2.892 0.0184

ITIHI_HUMAN Inter-alpha-trypsin inhibitor heavy chain H1 2.862 0.019568
KAIN_HUMAN Kallistatin 2.854 0.018581
IGHG3_HUMAN Immunoglobulin heavy constant gamma 3 2.742 0.016656
THRB_HUMAN Prothrombin 2.641 0.016656
APOH_HUMAN Beta-2-glycoprotein 1 2.594 0.022769
PEDF_HUMAN Pigment epithelium-derived factor 2.592 0.044009
CO2_HUMAN Complement C2 2.547 0.048569
CO4A_HUMAN Complement C4-A 2.547 0.047608
ERFL_HUMAN ETS d.omain-containing transcription factor 5595 0.031597

ERF-like
CO4B_HUMAN Complement C4-B 2.408 0.035983

p value adjusted to Benjamilochberg (BH) procedure

* represent proteins that are not in the category of plasma proteins
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Table 4.4: Significantly differentialldownregulatedproteins in uEVs from progressive (n=17)
vs stable DN (n=19) in dataset normalized to equal protein amount, listed according to fold
change (Prog /Stab)

. . FC (Prog / Adj. p-value
Protein ID Protein name Stab) (BH)
VASN_HUMAN Vasorin -6.101 0.00013
PODXL_HUMAN Podocalyxin -5.419 0.000569
MUC1_HUMAN Mucin-1 -4.46 0.001721
AMPE_HUMAN Glutamyl aminopeptidase -3.972 0.001721
PSCA_HUMAN Prostate stem cell antigen -3.961 0.001721
MXRAS_HUMAN Matrix remodeling-associated protein 8 -3.64 0.007266
CTL2_HUMAN Choline transporter-like protein 2 -3.605 0.001785
SAP3_HUMAN Ganglioside GM2 activator -3.543 0.004241
IPSP_HUMAN Plasma serine protease inhibitor -3.274 0.004574
ANAG_HUMAN Alpha-N-acetylglucosaminidase -3.272 0.007013
EGF_HUMAN Pro-epidermal growth factor -3.059 0.01383
CD59_HUMAN CD59 glycoprotein -3.008 0.01242
CD81_HUMAN CD81 antigen -2.872 0.012541
BROX_HUMAN BRO1 domain-containing protein BROX -2.854 0.01242
NID1_HUMAN Nidogen-1 -2.84 0.00862
CUBN_HUMAN Cubilin -2.828 0.013185
ALDOB_HUMAN Fructose-bisphosphate aldolase B -2.791 0.012541
SLUR2_HUMAN zecreted Ly-6/uPAR domain-containing protein 2,764 0.048569
PLS1_HUMAN Phospholipid scramblase 1 -2.761 0.021666
SCTM1_HUMAN Secreted and transmembrane protein 1 -2.755 0.016643
6PGL_HUMAN 6-phosphogluconolactonase -2.749 0.023685
LG3BP_HUMAN Galectin-3-binding protein -2.742 0.01383
CPVL_HUMAN Probable serine carboxypeptidase CPVL -2.736 0.016134
NAPSA_HUMAN Napsin-A -2.732 0.021808
CPNE3_HUMAN Copine-3 -2.73 0.024766
CHM2B_HUMAN Charged multivesicular body protein 2b -2.678 0.021808
TSN1_HUMAN Tetraspanin-1 -2.667 0.016021
UROM_HUMAN Uromodulin -2.626 0.023685
LMAN2_HUMAN Vesicular integral-membrane protein VIP36 -2.603 0.026247
UPK2_HUMAN Uroplakin-2 -2.601 0.016825
PTGDS_HUMAN Prostaglandin-H2 D-isomerase -2.565 0.019441
VPS4A_HUMAN Vacuolar protein sorting-associated protein 4A -2.497 0.023685
NEP_HUMAN Neprilysin -2.483 0.016825
PDCD6_HUMAN Programmed cell death protein 6 -2.483 0.02653
GGT1_HUMAN Glutathione hydrolase 1 proenzyme -2.433 0.024766
ASSY_HUMAN Argininosuccinate synthase -2.408 0.02653
XPP2_HUMAN Xaa-Pro aminopeptidase 2 -2.4 0.024081
HACD1 HUMAN Very-long-chain (3R)-3-hydroxyacyl-CoA .39 0.025552
- dehydratase 1
TPP1_HUMAN Tripeptidyl-peptidase 1 -2.382 0.04121
UPK1A_HUMAN Uroplakin-1a -2.373 0.024766
DPEP1_HUMAN Dipeptidase 1 -2.329 0.039177
A2GL_HUMAN Leucine-rich alpha-2-glycoprotein -2.075 0.047528
AMPN_HUMAN Aminopeptidase N -2.063 0.047608

*p valueadjusted to BenjamiAHochberg (BH) procedure; all proteins are of cellular origin
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Differential expression of proteins was visualized by volcano plot as shown in Figure 4.4
where blue dots on the lefhand side represent all significantly downregulated proteins

(in progressive DN), while red dots on the riglaind side represent all sigicantly
upregulated proteins. Grey dots instead, which are below red line indicating significance
with adjusted p<0.05, are proteins included in differential expression analysis but not
being significantly changed in progressive vs stable DN group. Ts Inghly
significantly changed proteins in progressive compared to stable DN were above the
green line which indicates the highest significance of adjusted p<0.001. The most
significantly changed proteins were apolipoproteirl Avitronectin and hemopenri
which were upregulated, and vasorin and podocalyxin which were downregulated in

progressive DN.
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Figure 4.4: Proteins significantly differentially expressed in uEVs from progressive DN (n=17)
compared to stable DN (n=19) cohorts from the dataset normalized to equal protein amount.
Differential expression of proteins was expressed as fold change (progressive DN/stable DN)
which was transformed into log base 2. Out of 2017 detected proteins, 305 proteins (15%) were
eligible for quantification according to criterion to be presentiheast 60% of patient samples

as explained in 2.2.6.5 Methods. Of the#2 were significantly differentially expressed: 29
upregulated (red dots) and 43 downregulated (blue dots).
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Furthermore, a heat map was generated to visualize the expression of each significantly
changed protein per single stable and progressive individual (Figure 4.5). As with the
volcano plot, the blue colour was given to low expression in progressive Dithearet

colour to high expression in progressive DN. For most plasma proteins such as
apolipoprotein Al, vitronectin, hemopexin, complement component &Jjne protease
HTRAA4 or antithrombtll there was a clear prevalence of bright red among progressiv
DN individuals and bright blue or lighter red in stable DN individuals. On the other hand,
cellular proteins vasorin, podocalyxin, mudin glutamyl aminopeptidase, CD59
glycoprotein and BRO1 domatwontaining protein BROX all showed a consistent bright
blue / light red in progressive individuals and a brighter red in stable DN patients.
However, there are also proteins less consistent in their presence across individuals per
group, such as complement @4 secretedLy-6/uPAR domaiftontaining protein 2, or
complement C2. In the progressive patient labelled in heat map as P_6 (corresponding
to PDN138), a consistent very high expression of nearly all proteins was observed even

though this was not the most progressivatgnt (eGFR loss ef.53 ml/min/year).
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Figure 4.5: Heat map showing significantly differentially changed proteins in progressive vs

stable DN from the dataset normalized to equal protein amount, in each patient sample.
Proteins are listed from the most significant on top to the least significant at the bottom,
according to the adjusted -palues. Blue colour represents low expression and red high

expression in progressive DN. S=stable, P=progressive. Heat map was icréddepheus.
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Significantly differentially expressed proteins between progressive and stable DN were
also shown in histograms on Figure 4.6 where proteins are listed from most differentially
expressed according to log2FC on top to the least changed at the bottom. Afysan,

histograms represent downregulated proteins in progressive DN, and red histograms

represent upregulated proteins in progressive DN.

[l
[l
o



[ Kl LGB 8la dzf G a

VASN
PODXL
uc1
-AMPE
PSCA
XRA8
TL2
SAP3
PSP
-ANAG
EGF
D59
D81
BROX
NID1
UBN
ALDOB
SLUR2
PLS1
SPaL
0 APOA1
LG3BP HEMO
PVL VINC
1 || 1 1 CO09
-3 -2 -1 0 HRG
ALBU
VTDB
THAS
HTRA4
ANT3
TTHY
TRFE
HEP2
FIBG
FIBB
APOA4
PLMN
ITIH2
IGHG1
ITIH1
KAIN
IGHG3
THRB
APOH
PEDF
co2
CO4A
ERFL
CO4B
I T | | | |
-3 -2 0 1 2 3
Log, Fold change (Prog / Stab) Log, Fold change (Prog / Stab)

Figure 4.6: List of proteins significantly downregulated (blue, n=43) and upregulated (red,
n=29) in UEVs from progressive DN (n=17) compared to stable DN (n=19) cohorts, from the
dataset normalized to equal protein amoun®roteins are listed according to logld change
ratios from the most differentially expressed on top to the least differentially expressed at the
bottom.
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Having analysed differential expression in dataset normalized to equal protein amount,
a further analysis was performed using dataset normalized to equal uEVs volume, as
explained in Methods 4.3.1.1. Out of 335 quantified proteins, 46 proteins (14%) were
found significantly differentially deregulated in progressive vs stable DN: 32 were
upregulated in progressive DN (Table 4.5) and 14 were downregulated (Table 4.6).
Protein findings were very similar between the two analysed datasets (normalized for
equal potein amount and normalized to equal uEVs volume), with 26 proteins (81%)
being the same as those identified in the equal amount dataset. Upregulated proteins
that were newly found in equal volume dataset were complement C3, which was the
most overexpressd protein in progressive DN vs stable DN, complement component C8
beta chain, alph&-macroglobulin, immunoglobulin heavy constant gamma 2,
complement component C7 and afamin. Of the 14 downregulated proteins, 78.6% (11
proteins) was the same as reportdad the previous analysis. Three new proteins
emerged as significantly downregulated in progressive vs stable DN in this new analysis

and these were apolipoprotein D, keratin and charged multivesicular body protein 2a.
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Table 4.5: Significantly differentiallypregulatedproteins in UEVs from progressive (n=17) vs
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stable DN (n=19) in dataset normalized to equal volume of UuEVs, listed according to fold

change (Prog /Stab).

+

++++

Protein ID

Protein name

Stab)

FC (Prog /

(BH)

Adj. p-value

CO3_HUMAN Complement C3 9.600 0.000135
APOA1_HUMAN Apolipoprotein A-l 7.797 1.36E-05
CO09_HUMAN Complement component C9 6.152 0.00047
VINC_HUMAN Vitronectin 5.840 0.000287
HRG_HUMAN Histidine-rich glycoprotein 5.396 0.000705
ALBU_HUMAN Albumin 5.191 0.002148
VTDB_HUMAN Vitamin D-binding protein 5.088 0.000705
THAS_HUMAN Thromboxane-A synthase 4.843 0.000705
HTRA4_HUMAN Serine protease HTRA4 4.541 0.000742
ANT3_HUMAN Antithrombin-Ill 4.448 0.00185
TTHY_HUMAN Transthyretin 4.176 0.008128
TRFE_HUMAN Serotransferrin 4.053 0.004031
HEP2_HUMAN Heparin cofactor 2 3.953 0.007763
FIBG_HUMAN Fibrinogen gamma chain 3.869 0.005686
FIBB_HUMAN Fibrinogen beta chain 3.842 0.007081
PLMN_HUMAN Plasminogen 3.776 0.005686
ITIH2_HUMAN Inter-alpha-trypsin inhibitor heavy chain H2 3.732 0.007763
IGHG1_HUMAN Immunoglobulin heavy constant gamma 1 3.671 0.011681
ITIHL_HUMAN Inter-alpha-trypsin inhibitor heavy chain H1 3.453 0.008077
KAIN_HUMAN Kallistatin 3.408 0.007823
IGHG3_HUMAN Immunoglobulin heavy constant gamma 3 3.333 0.008128
THRB_HUMAN Prothrombin 3.333 0.007823
PEDF_HUMAN Pigment epithelium-derived factor 3.258 0.024475
C02_HUMAN Complement C2 3.057 0.02529
CO4A_HUMAN Complement C4-A 3.027 0.023654
CO4B_HUMAN Complement C4-B 2.936 0.016893
CO8B_HUMAN Complement component C8 beta chain 2.932 0.029379
ERFL HUMAN ETS d.omain-containing transcription factor 2918 0.008977
- ERF-like
A2MG_HUMAN Alpha-2-macroglobulin 2.874 0.035577
IGHG2_HUMAN Immunoglobulin heavy constant gamma 2 2.780 0.023861
CO7_HUMAN Complement component C7 2.535 0.045889
AFANM_HUMAN Afamin 2.507 0.032899

p value adjusted to Benjamihlochberg (BH) procedure
+represent proteins that were newly found in this analysis
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Table 4.6: Significantly differentialldownregulatedproteins in uEVs from progressive (n=17)
vs stable DN (n=19) in dataset normalized to equal volume of UEVSs, listed according to fold
change (Prog /Stab)

FC (Prog / Adj. p-value

Protein ID Protein name Stab) (BH)
VASN_HUMAN Vasorin -4.780 0.000705
PODXL_HUMAN Podocalyxin -4.213 0.00275

+ |APOD_HUMAN Apolipoprotein D -3.950 0.00234
MUC1_HUMAN Mucin-1 -3.456 0.007326
PSCA_HUMAN Prostate stem cell antigen -3.097 0.008977
AMPE_HUMAN Glutamyl aminopeptidase -3.091 0.008123

+ |K2C1_HUMAN Keratin, type |l cytoskeletal 1 -3.029 0.021284
MXRA8_HUMAN Matrix remodeling-associated protein 8 -2.807 0.040846
SAP3_HUMAN Ganglioside GM2 activator -2.755 0.015216
CTL2_HUMAN Choline transporter-like protein 2 -2.689 0.017349
ANAG_HUMAN Alpha-N-acetylglucosaminidase -2.597 0.030373
IPSP_HUMAN Plasma serine protease inhibitor -2.546 0.024824
CD59_HUMAN CD59 glycoprotein -2.486 0.02529

4+ |[CHM2A_HUMAN Charged multivesicular body protein 2a -2.344 0.040846

p value adjusted to Benjamitiochberg (BH) procedure
+represent proteins that were newly found in this analysis

The distribution of significantly upregulated and downregulated proteins, as well as not
significantly changed proteins, in progressive vs stable DN were again shown by volcano
plot (Figure 4.7). It can be seen that vasorin, apolipoproteih aad vitronetin were

again among the most significantly changed proteins in progressive DN, which appear
above green line representing p<0.001, with six extra proteins: complement C3,
complement C9, thromboxar& synthase, histidinech glycoprotein, vitamin D

binding protein, and serine protease HTRA4.
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Figure 4.7: Proteins significantly differentially expressed in uEVs from progressive DN (n=17)
compared to stable DN (n=19) cohorts from the dataset normalized to equal volume of uEVs.
Differential expression of proteins was expressed as fold change (progressive DN/stable DN)
which was transformed into log base 2. Out of 2017 detected proteins, 334 proteins (17%) were
eligible for quantification according to criterion to be presentiteast 60% of patient samples

as explained in 2.2.6.5 Methods. Of thed§ were significantly differentially expressed: 32
upregulated (red dots) and 14 downregulated (blue dots).

Il
Il
_<







































































































































































































































































































































































































































































































































































































































