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Introduction: Our previous study revealed that a young internal environment ameliorated
kidney aging by virtue of an animal model of heterochronic parabiosis and a model of
heterochronic renal transplantation. In this research, we used proteome to investigate the
effects of donor-recipient age difference in clinical renal transplantation.

Methods: This study included 10 pairs of renal transplantation donors and recipients with an
age difference of greater than 20 years to their corresponding recipients/donors. All recipi-
ents have received transplantation more than 3 years ago. Renal function and the serum/urine
proteomes of the donors and recipients were analyzed.

Results: The renal function was similar between the young recipients and the old donors. In
contrast, the renal function of the young donors was significantly superior to that of the old
recipients. Furthermore, 497 and 975 proteins were identified in the serum and urine
proteomes, respectively. The content of SLC3A2 in the blood was found to be related to
aging, while the contents of SERPINA1 and SERPINA3 in the urine were related to immune
functions after renal transplantation.

Conclusion: This study demonstrated that, in the human body, a younger internal environ-
ment could ameliorate kidney aging and provided not only clinical evidence for increasing
the age limit of kidney transplant donors but also new information for kidney aging research.
Keywords: renal transplantation, aging, proteome, living donor transplantation

Background
The number of patients with end-stage renal discase (ESRD) has been
increasing year by year. Renal transplantation is the best treatment for ESRD
patients. However, standard criteria donors (SCDs) cannot meet the demand for
renal transplantation. Although renal transplantation has advanced rapidly, the
effects of the ages of the donors and recipients and the age differences between
the donors and recipients on the function of the transplanted kidney remain
unclear.

A number of studies have employed animal models of heterochronic para-
biosis to demonstrate that a young internal environment improves the aging of

the brain and heart,l’2

and enhances the regeneration capacities of muscles,
liver, neural stem/progenitor cells and ovarian follicles.*> By virtue of an
animal model of heterochronic parabiosis and a model of heterochronic renal
transplantation, our previous study found that a young internal environment

improved the aging of the kidney.®’ In addition, employment of an animal
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model of heterochronic parabiosis with bilateral renal
ischemia-reperfusion injury (IRI) revealed that a young
internal environment alleviated IRI in elderly kidneys.®
These studies provide the basic research evidence for
increasing the age limit of kidney transplant
donors. However, there is a lack of support from clin-
The

provide enough information for analyzing the patholo-

ical trials. bioinformatics technique could
gical mechanism which traditional clinical graft func-
tion assessment could not. For example, quantitative
real-time PCR could provide more useful information
to understand the pathogenic role of opportunistic
pathogens in the urogenital tract.” In this study,
we used the proteome to find more information
about the action between the internal environment and
grafts.

The present study included 20 donors and recipients
(10 pairs). The recipients received transplant surgery more
than 3 years ago and had an age difference of greater than
20 years with their corresponding donors. The kidney
functional changes in the recipients and donors were ana-
lyzed, and their serum and urine proteomes were identi-
fied. The purpose of the present study was to provide
clinical evidence for increasing the age limit of kidney
transplant donors and new information for research on

kidney aging.

Methods
Ethics

This was a prospective, small-sample, exploratory, con-
trolled study approved by the Ethics Committee of the
People’s Liberation Army (PLA) General Hospital. The
protocol followed the ethical principles in the Declaration
of Helsinki (1964). All patients gave their written
informed consent prior to any study procedures. After
data lock, all study data and collected biological material
were anonymized.

Patients

All kidney transplant surgeries and follow-ups with the
donors and recipients were completed at the PLA
General Hospital. All kidneys were donated voluntarily
with written informed consents, and the consent was
conducted in accordance with the Declaration of
Istanbul. All donors and recipients underwent the fol-
lowing examinations: blood pressure measuring, blood

routine, urine routine, renal and liver function, and

ultrasound imaging of the urinary system. A total of
10 pairs of recipients and donors of a living-related
kidney transplant who were direct relatives were
included. The inclusion criteria were as follows: (1) no
limitations on the age and sex of the donors and reci-
pients; (2) age difference between the donors and reci-
pients greater than 20 years; (3) donors and recipients
completed 3 years of regular follow-ups; and (4) the
cause of transplantation was primary glomerulonephritis.
The exclusion criteria were as follows: (1) recipient
developed acute rejection; (2) recipient’s original kidney
disease recurred or a new kidney disease developed; (3)
donor and recipient suffered concurrent hypertension,
diabetes, kidney stones, kidney tumors, and urinary sys-
tem infection; (4) donor and recipient with concurrent
acute kidney injury, edema, pleural and peritoneal effu-
sion, amputation, heart failure, liver disease, severe
obesity, or ketoacidosis; (5) donor and recipient were
currently taking high-dose steroids, cimetidine, or tri-
methoprim; and (6) pregnant or menstruating women.

The donors and the recipients were divided into 2
groups according to their age differences: the old donor/
young recipient group, which included 5 old donors and
5 young recipients, and the young donor/old recipient
group, which included 5 young donors and 5 old reci-
pients. Eight recipients received an immunosuppressive
regimen composed of prednisone, mycophenolate mofe-
til, and tacrolimus, one recipient received sirolimus
instead of tacrolimus, and one received CsA instead of
tacrolimus.

Scr levels were measured using a Roche enzymatic
assay (Hitachi, Tokyo, Japan; reagents from Roche
Diagnostics, Mannheim, Germany). Renal function was
assessed using the estimated glomerular filtration rate
(eGFR), which was calculated based on the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)

sl
equation. 0

Sample Processing and Mass
Spectrometry Analysis

Fasting venous blood and morning urine were collected
from all donors and recipients for serum or urine proteo-
mic testing. The blood was centrifuged at 5000 g for 15
min to isolate the serum, while the urine was centrifuged
at 5000 g for 45 min to obtain the supernatant. The
samples were stored at —80°C.
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Serum Proteome Protocol

First, put the serum samples into the spin-column
(Pierce™ Top 2 Abundant Protein Depletion Spin
Columns, ThermoScientific) to deplete top 2 protein at
the room temperature. Then loaded 5 pl serum into the
column and inverse. Put the column on head-over-head
shaker for 30 min at the room temperature. After that,
spined column at 1000g for 2 min at RT, then got 400
pl of solution. Added 20 pl of 1M NH4HCO3 to the
solution (final conc 50 mM) to adjust pH to 8.5. Heated
the sample at 95°C for 2 min to denature the proteins
and cooled down to RT. Added 3 pnpg of trypsin
(Sequencing Grade Modified Trypsin, Promega) and
incubated at 37°C for four hours, then the digest was
ready for sRP.

Actived reverse-phase column with 3mg C18 (3 pm,
Dr. Maisch GmbH) by 100ul Acetonitrile (LC/MS
grade, FisherScientific). Vacuum dried peptides were
dissolved in pHI10 buffer (10mM Ammonium
Bicarbonate, pH10 adjusted by NH4OH) and subjected
to pH10 C18 reverse-phase column chromatography.
Washed C18 reverse-phase column by 100ul buffer
(10mM Ammonium Bicarbonate, pH10 adjusted by
NH40H) twice. Bounded peptide was eluted with step
gradient of 100 pL of 6, 9, 12, 15, 18, 21, 25, 30, 35%
ACN (pH10) into 1.5mL centrifuge tubes. Mixed the 6,
15, 25% ACN eluent, 9, 18, 30% ACN eluent and 12,
21, 35% ACN and pooled in to 3 pools and vacuum
dried for LC-MS/MS.

Urine Proteome Protocol

Added 1mL urine into 2mL Beckman ultracentrifugation
tube, centrifuged at 200,000g and room temperature for
75 min, discarded the super. Added 50ul suspension
buffer (50mM Tris, 250mM sucrose, pH8.5) in each
tube and laid tube down for 15min at the room tem-
perature, then added 2.5ul 1M DTT and heated at 65 °C
for 30 min. Adjusted volume to 200ul with wash buffer
(10mM TEA, 100mM NaCl, pH 7.4) and centrifuged at
200,000g for 30 min, discarded the super. Added 30ul
digestion buffer (30ul 50mM NH4HCO3, pHS.5), then
Modified
Trypsin, Promega) and mixed well. Then incubated at
37°C for 4h. Dried the extract with SpeedVac and it was
ready for LC-MS/MS.

added 500ug trypsin (Sequencing Grade

NanoHPLC-MS Analysis

The extracted peptides were re-suspended in 20 pL of
loading solution (5% methanol containing 0.1% formic
acid) and 5 pl was analyzed. Q Exactive coupled to
nLC-1000 (ThermoScientific) was used. A homemade
trap column (2 cm x 100 pm) and an analytical column
(12 cm x 150 pm), both packed with Reprosil-Pur Basic
C18 (3 pum, Dr. Maisch GmbH, Germany) were used.
The 0-69 min gradient of 5-31% acetonitrile and 0.1%
formic acid and the 70-75 min gradient of 95% acet-
onitrile and 0.1% formic acid at a flow were used. The
full MS scan range was set to 3001400 m/z and trap
size for MS1 and MS2 was 3x106 and 2x105, respec-
tively. The mass resolution for MS1 and MS2 was
120,000 and 15,000, respectively. The top 25 ions
were selected for higher energy collision dissociation
(HCD) with collision energy set at 27%. Dynamic
exclusion was used after 1st identification with 30s

exclusion duration.

Protein |ldentification and Label-Free

Quantification

Proteome Discoverer (PD, V2.0, ThermoScientific) with
Mascot (Mascot V2.3, Matrix Science) was used to
search raw data against Human RefSeq database (the
2013.07.04). Mass tolerance for precursor ions was set
to 20 ppm; mass tolerances of fragment ions were 0.05
Da. Carbamidomethylation of cysteine, oxidation of
methionine, acetylation and butyrylation of lysine were
included as variable modifications. A maximum of two
missed cleavages was allowed. All assigned peptides
were filtered with 1% false discovery rate (FDR) at
peptide level. We only kept identifications with >2
unique peptides (1% FDR and ion score >20), which
was stricter than 1% FDR at the protein level. All
identified peptides were quantified with peak areas
derived from their MSI intensity.

Data Processing
Statistical Techniques
Continuous variables were expressed as meanSD.
Statistical IBM
SPSS statistics 22 software. Comparisons of continu-

analyses were performed using
ous variables were performed by using paired Student’s

t-test.
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Protein Identification and Label-Free

Quantification
The acquired MS/MS
searched against the target-decoy RefSeq human data-

spectra were, respectively,
base (release 2013 07, containing 32,015 entries) from
NCBI
using Proteome
(Thermo Fisher
(Mascot 2.4, Matrix Science). Dynamic modifications

website  (https://www.ncbi.nlm.nih.gov/refseq/)

Discoverer software version 2.0

Scientific) with Mascot algorithm

of acetylation of the N terminus and oxidation of
methionine were allowed. The precursor mass tolerance
was confined within 20 ppm with fragment mass toler-
ance of 0.5 Dalton, and trypsin was chosen as cleavage
specificity with a maximum number of allowed missed
cleavages of two. The following filter was used in this
study, 1% false-positive rate at protein level and each
protein with >1 unique peptides and protein areas were
used for protein quantification.''"'? After filtering the
results by above filter, proteins were exported for pro-
teomic analysis workflow described here.

Bioinformatic Analysis
All further calculations had been performed using
R (version 3.4.1, http://www.r-project.org/). Before further

processing, expression values were normalized for each
separately. Wilcoxon-Mann—Whitney test was applied to
select data sets with statistical significance (p-value<0.05).
Hierarchical clustering was done using the heatmap.2
function.

GO Functional Analysis

All differential proteins identified by two approaches
were assigned their gene symbol via the DAVID data-
base (https://david.ncifcrf.gov/). Protein classification

was performed based on their functional annotations
using Gene Ontology (GO) for biological process, and
molecular function. When more than one assignment
was available, all of the functional annotations were
considered in the results.

IPA Network Analysis

All differential proteins were used for pathway analysis.
For this purpose, the gene symbol was inserted into the
Ingenuity Pathway Analysis (IPA) software (Ingenuity
Systems, Mountain View, CA). This software categorizes
gene products based on the location of the protein within
cellular components and suggests possible biochemical,

biological and molecular functions. Furthermore, proteins
were mapped to genetic networks available in the
Ingenuity and other databases and ranked by score.
These genetic networks describe functional relationships
between gene products based on known interactions in the
literature. Through the IPA software, the newly formed
networks

were associated with known biological

pathways.

Results

Patient Characteristics
All donor-recipient pairs had parent—child relation-
ships. No significant abnormalities were detected

in their blood pressure, routine urine analysis
results, routine blood analysis results, and liver/renal
function.

The average age difference in the old donor/young
recipient group was 24 years, and the average post-
transplantation time was 5 years. The average age differ-
ence in the young donor/old group was 23 years, and the
average post-transplantation time was 8 years. There was
no significant difference in eGFR between the young reci-
pients and the old donors (75.54+10.3 vs 73.54+18.04,
P=0.717). In contrast, the eGFR of the young donors was
significantly higher than that of the old recipients (101.20
+14.28 vs 64.46+18.23, p=0.041). The results are summar-

ized in Table 1.

Serum Proteome

A total of 497 proteins were identified in the serum
proteome, including 17 differentially expressed pro-
teins (DEPs) in the old donor/young recipient group
(Table 2) and 12 DEPs in the young donor/old recipient
group (Table 3). Solute carrier 3A2 (SLC3A2) was
significantly increased in old individuals in both
groups.

Figures 1 and 2 show the serum proteome gene
ontology (GO) results. Tables 4 and 5 illustrate the
significant differential pathways, as determined by
Ingenuity Pathway Analysis (IPA), in both groups. In
all cases, the DEPs were mainly located in extracellular
regions. In the old donor/young recipient group, the
DEPs were shown to be related to physiological pro-
cesses, such as immune response, coagulation reactions
and acute-phase responses. In the young donor/old

recipient group, the DEPs were related to lipid
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Table 3 Distinct Serum Proteins in Young Donor/Old Recipient Group
Gl Name Entry Name Accession IEP | Molecular | Protein Name Expression
Number (UniProt) Number Weight
(UniProt)
91,823,274 | ENPP2 ENPP2_HUMAN | Q13822 8.5 105,200 Ectonucleotide pyrophosphatase/ Down
phosphodiesterase family member 2
isoform | preproprotein
40,255,005 PLXDC2 | PXDC2_HUMAN | Q6UX71 5.99 | 59,583 Plexin domain-containing protein 2 Down
isoform | precursor
61,744,477 | SLC3A2 | 4F2_HUMAN P08195 491 | 68,101 4F2 cell-surface antigen heavy chain Down
isoform b
4,557,321 APOAI APOAI_HUMAN | P02647 5.56 | 30,777 Apolipoprotein A-l isoform | preproprotein | Down
115,529,484 | CDI109 CDI09_HUMAN | Q6YHK3 5.59 | 161,689 CD109 antigen isoform | preproprotein Down
156,627,579 | CLEC3B | TETN_HUMAN P05452 5.52 | 22,536 Tetranectin isoform |precursor Down
115,298,678 | C3 CO3_HUMAN P01024 6.02 | 187,148 Complement C3 preproprotein Down
156,119,625 | ITIHI ITIHI_HUMAN P19827 6.31 | 101,389 Inter-alpha-trypsin inhibitor heavy chain Down
HI isoform a preproprotein
29,171,717 GPLDI PHLD_HUMAN P80108 591 | 92,336.45 Phosphatidylinositol-glycan-specific Up
phospholipase D precursor
291,190,772 | GPIBA GPIBA_HUMAN | P07359 5.87 | 71,540 Platelet glycoprotein Ib alpha chain Up
precursor
31,317,307 | PCSK9 PCSK9_HUMAN | Q8NBP7 6.14 | 74,286 Proprotein convertase subtilisin/kexin Up
type 9 preproprotein
295,821,193 | SAAI SAAI_HUMAN POD)I8 6.28 | 13,532 Serum amyloid A-1 protein preproprotein | Up
metabolism, glucose metabolism and other physiologi- Discussion

cal processes.

Urine Proteome

A total of 975 proteins were identified in the urine pro-
teome, including 12 DEPs in the old donor/young recipient
group and 28 DEPs in the young donor/old recipient group
(Tables 6 and 7). Alpha-1 antiproteinase (SERPINA1) and
Alpha-1-Antichymotrypsin (SERPINA3) levels were sig-
nificantly elevated in the transplant recipients in both
groups.

Figures 3 and 4 show the urine proteome GO analysis
results. Tables 8 and 9 illustrate the significant differential
IPA pathways in both groups. In all cases, DEPs were
mainly located in exosomes and external environments
and were related to physiological processes, such as acute-
phase responses,

coagulation processes and glucose

metabolism.

Transplanted renal function depends on donor kidney
function, IRI due to transplantation, renal damage
caused by posttransplant immunological rejection and
immunosuppressant toxicity, and other factors that
affect renal function (such as the recurrence of the
recipient’s original kidney disease and the presence of
concurrent diseases). According to the exclusion cri-
teria, the present study excluded kidney transplant reci-
pients who suffered acute rejection and recurrence of
the original kidney disease as well as donors and reci-
pients who had concurrent diseases and factors affect-
ing the accurate detection of serum creatinine and
eGFR. Moreover, all donors underwent rigorous exam-
inations to ensure their overall health. Therefore, renal
function and degree of aging were similar between the
kidneys of the donors at the time of transplantation.
However, the results of the present study showed that
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Figure | GO terms of distinct serum proteins in old donor/young recipient group.
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Figure 2 GO terms of distinct serum proteins in young donor/old recipient group.

and posttransplant

transplantation

of IRI during

after renal transplantation and long-term follow-up, the

nephrotoxic damage caused by immunosuppressants,

eGFRs of the young recipients were not significantly

the function of grafts couldn’t be better than the

different from those of the old donors, while the

donor kidneys. This may represent an important reason

eGFRs of the young donors were significantly higher

why the eGFRs of young donors were significantly

than those of the old recipients. Due to the inevitability
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Table 4 IPA Pathways of Distinct Serum Proteins in Old Donor/
Young Recipient Group

Table 5 IPA Pathways of Distinct Serum Proteins in Young
Donor/Old Recipient Group

Ingenuity Canonical -Log Ratio | Molecules Ingenuity Canonical -Log Ratio | Molecules
Pathways (p-value) Pathways (p-value)
Acute Phase Response 8.57 0.0353 | CIR, ITIH2, LXR/RXR Activation 2.7 0.0156 | APOAI, SAAI
Signaling CIS, FGA, FXR/RXR Activation 2.64 0.0146 | APOAI, SAAI
ILIRAP, FGG Acute Phase Response 2.45 0.0116 | APOAI, SAAI
Extrinsic Proth bi 6.63 0.188 F10, FGA, FGG signaling
xerinsic Frothrombin : : P PR Phospholipases 1.43 0.0139 | GPLDI
Activation Pathway
LXR/RXR Activation 5.66 0.0331 | APOCH4,
APOC2, FGA,
ILIRAP higher than those of the old recipients. The internal
environment in which the kidneys are located affects
Coagulation System 5.57 0.0857 | FI0, FGA, FGG ) ] ] y . .
kidney aging and function. A young internal environ-
Intrinsic Prothrombin >33 00714 | FIO.FGA.FGG | ment reduces inflammation and apoptosis in kidneys
Activation Pathway . .
from elderly donors and delays kidney aging. In con-
Role of Tissue Factor in 3.92 0.0244 | FIO, FGA, FGG trast, an old internal environment increases the inflam-
Cancer matory and apoptotic levels in kidneys from young
FXR/RXR Activation 3.89 0.0238 | APOCH4, donors and promotes kidney aging.®’ Appropriate
APOC2, FGA interventions delay and reverse kidney aging.'?
Complement System 3.41 0.0541 | CIR, CIS Changes in the aging status of kidneys affect renal
LPS/IL| Mediated 118 00136 | APOC4, function. A previous study showed that once the kid-
Inhibition of RXR Function APOC2, neys from elderly donors were transplanted into young
ILIRAP recipients, chronic focal glomerular injury in the trans-
TR/RXR Activation 257 0.0204 | F10, FGA planted kidneys was repaired within months, and the
kidneys maintained long-term function.'* Therefore,
Neuroprotective Role of 2.4 0.0168 | CIR, HGFAC . . .

) ) the aging of kidneys from young donors increases
THOPI in Alzheimer’s . . ) o
Disease after the kidney is transplanted into old recipients,

which explains why eGFR is significantly higher in
Atherosclerosis Signaling 2.35 0.0157 | APOCH4, . ..
APOC2 young donors than in old recipients. In contrast, the
aging of the kidneys from elderly donors reduces after
IL-12 Signaling and 223 00137 | APOC4, being transplanted into young recipients, which bal-
Production in APOC2 i .
ances the IRI developed during transplantation and
Macrophages
the posttransplant nephrotoxic injury caused by immu-
Producti f Nitric Oxid 1.99 0.0103 | APOCH4, .
rocuction of Nitric Dxide nosuppressants. As a result, the eGFRs of young reci-
and Reactive Oxygen APOC2 . . .
Species in Macrophages pients are not significantly different from those of old
donors. However, there are other important reasons.
Clathrin-mediated 1.97 0.0101 | APOC4, . . ..
o The young internal environment of young recipients
Endocytosis Signaling APOC2 ) ] o )
reduces inflammation and apoptosis in the kidneys of
Lipid Antigen Presentation | 1.69 00385 | B2M old recipients during transplantation, increases the
by CDI . .
Y level of autophagy, and alleviates renal IRL® In addi-
Cytotoxic T Lymphocyte- | 1.6 0.0312 | B2M tion, young recipients highly express mature growth
:ed'at? :‘POP“’S'S of differentiation factor (GDF), which also promotes the
arget Cells . A X .
repair of IRI developed during renal transplantation in
1464 https: Clinical Interventions in Aging 2021:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al
Table 6 Distinct Urinary Proteins in Old Donor/Young Recipient Group
Gene Entry Name Accession Number IEP | Molecular Protein Name Expression
Name (UniProt) (UniProt) Weight
ART3 NAR3_HUMAN Q13508 5.71 | 43,923 Ecto-ADP-ribosyltransferase 3 Up
CA4 CAH4_HUMAN P22748 7.68 | 35,032 Carbonic anhydrase 4 Up
RBP4 RET4_HUMAN P02753 5.76 | 23,010 Retinol-binding protein 4 Up
BCAM BCAM_HUMAN P50895 5.53 | 67,404 Basal cell adhesion molecule Up
VPS4B VPS4B_HUMAN 075351 6.75 | 49,302 Vacuolar protein sorting-associated protein | Down
4B
VTAI VTAI_HUMAN Q9NP79 5.86 | 33,879 Vacuolar protein sorting-associated Down
protein VTA| homolog
PRDXé6 PRDX6_HUMAN | P3004I 6 25,034 Peroxiredoxin-6 Up
BROX BROX_HUMAN Q5Vvw32 7.55 | 46,476 BRO| domain-containing protein BROX Down
LDHB LDHB_HUMAN PO7195 5.71 | 36,638 L-lactate dehydrogenase B chain Up
SERPINA3 | AACT_HUMAN POIOI1 5.33 | 47,650 Alpha- | -antichymotrypsin Up
TPPI TPPI_HUMAN 014773 6.01 | 61,247 Tripeptidyl-peptidase | Down
SERPINAI | AIAT_HUMAN P01009 5.37 | 46,736 Alpha-|-antitrypsin Up

old recipients.'” Therefore, although donor age is often
the main reason for transplanted organ rejection,'® the
age of the donor is not an independent risk factor for
the reduced function of a transplanted organ.'”'®

The proteomic and bioinformatic analysis showed
that there were 3 significant differential IPA pathways
in the serum proteome, namely, acute-phase response,
farnesoid X receptor (FXR)/retinoid X receptor (RXR)
activation, and liver X receptor (LXR)/RXR activation.
FXR, LXR, and RXR belong to the nuclear receptor
family. They regulate metabolism and transport proteins
and are responsible for regulating intracellular and extra-
cellular signaling and expression, especially glucose
metabolism and lipid metabolism.'®?' Existing studies
have demonstrated that high glucose promotes the senes-
cence of renal mesangial cells,> and that abnormal lipid
metabolism is an important risk factor for cell
senescence.”> Calorie restriction and pioglitazone (a
drug regulating glucose metabolism) improve kidney
aging.>*° Such findings indicate that FXR/RXR activa-

tion and LXR/RXR activation may be related to kidney
aging.

SLC3A2 was the only differentially expressed protein
between the 2 serum proteomes. SLC3A2 is the heavy
chain of cluster of CD98 and a cystine transporter respon-
sible for maintaining the glutathione content in cells.*”
SLC3A2 affects the first rate-limiting step in glutathione
synthesis, which is the main antioxidant in cells.?”*" In
addition, SLC3A2 is a key factor in integrin signaling and
affects cell proliferation and division.*'** SLC3A2 was
highly expressed in the serum proteomes of the old reci-
pients and donors, suggesting that this protein is related to
kidney aging.

Analysis of the urine proteome showed that the GO
term acute-phase response was included in both groups.
SERPINA3 and SERPINAI

expressed in the 2 groups and were highly expressed

were differentially

in the urine of kidney transplant recipients. SERPINA3
functions as a protease inhibitor. It inhibits a variety of

granulocyte proteases related to acute rejection

responses (such as trypsin G) and has been found to
be related to the occurrence of acute rejection.®® >
Fragments of SERPINA3 were found to be signifi-

cantly elevated in the urine of patients suffering acute
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Table 7 Distinct Urinary Proteins in Young Donor/Old Recipient Group

Gl Gene Entry Name Accession IEP | Molecular | Protein Name Expression
Number Name (UniProt) Number Weight
(UniProt)

331,999,954 | KRT4 B4DRS2_HUMAN | B4DRS2 6.25 | 56,013 Keratin, type Il cytoskeletal 4 Down
131,412,225 | KRTI13 KICI3_HUMAN P13646 491 | 49,427 Keratin, type | cytoskeletal 13 Down
61,743,954 AHNAK AHNK_HUMAN Q09666 5.8 628,973 Neuroblast differentiation-associated Down

protein AHNAK
5,902,072 SERPINB3 | SPB3_HUMAN P29508 6.35 | 44,434 Serpin B3 Down
4,557,581 FABP5 FABP5_HUMAN Q01469 6.59 | 15,033 Fatty acid-binding protein, epidermal Down
74,271,845 A2MLI B3KVV6_HUMAN | B3KVVé 551 161,139 Alpha-2-macroglobulin-like protein | Down

isoform | precursor
260,436,922 | SBSN SBSN_HUMAN Q6UWPS 6.5 60,540 Suprabasin isoform | precursor Down
183,227,678 | PARK7 PARK7_HUMAN Q99497 6.32 | 19,891 Protein/nucleic acid deglycase DJ-1 Down
193,794,814 | ALDOA ALDOA_HUMAN | P04075 83 39,420 Fructose-bisphosphate aldolase A Down
4,503,117 CSTB CYTB_HUMAN P04080 6.96 | 11,139 Cystatin-B Down
4,502,101 ANXAI ANXAI_HUMAN | P04083 6.57 | 38,714 Annexin Al Down
4,503,065 CRYM CRYM_HUMAN Q14894 5.06 | 33,775 Ketimine reductase mu-crystallin Down
4,758,950 PPIB PPIB_HUMAN P23284 942 | 23,742 Peptidyl-prolyl cis-trans isomerase B | Down
440,918,691 | AOCI AOCI_HUMAN P19801 6.68 | 87,238 Amiloride-sensitive amine oxidase Up

[copper-containing] isoform |

precursor
39,725,934 | SERPINFI | PEDF_HUMAN P36955 5.97 | 46,312 Pigment epithelium-derived factor Up
197,116,348 | ACPP PPAP_HUMAN P15309 6.54 | 48,336 Prostatic acid phosphatase Up
189,163,542 | SERPINAI | AIAT_HUMAN P01009 5.37 | 46,736 Alpha- | -antitrypsin Up
110,611,235 | COLI8AI | COIAI_HUMAN P39060 545 | 153,766 Collagen alpha-1(XVIIl) chain Up
4,557,287 AGT ANGT_HUMAN POI0OI9 5.87 | 53,154 Angiotensinogen Up
70,906,435 FGB FIBB_HUMAN P02675 8.54 | 55,928 Fibrinogen beta chain Up
115,298,678 | C3 CO3_HUMAN P01024 6.02 | 187,148 Complement C3 Up
50,659,080 SERPINA3 | AACT_HUMAN POIOII 5.33 | 47,650 Alpha- | -antichymotrypsin Up
4,502,133 APCS SAMP_HUMAN P02743 6.1 25,387 Serum amyloid P-component Up
31,652,249 LBP LBP_HUMAN P18428 6.23 | 53,383 Lipopolysaccharide-binding protein Up
4,504,489 HRG HRG_HUMAN P04196 7.09 | 59,578 Histidine-rich glycoprotein Up
4,503,635 F2 THRB_HUMAN P00734 5.63 | 70,036 Prothrombin Up
4,502,511 C9 CO9_HUMAN P02748 543 | 63,173 Complement component C9 Up
119,372,298 | PGA3 PEPA3_HUMAN PODJD8 422 | 41,976 Pepsin A-3 preproprotein Up
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immune response after renal transplantation and may

For the cell components in GO terms, the DEPs

were related to the exosome, extracellular environment,

particles in blood circulation, and extracellular region.
https:

serve as potential urinary biomarkers.

Figure 4 GO terms of distinct urinary proteins in young donor/old recipient group.

response, and coagulation.>”*® These findings suggest

is involved in various physiological processes, such as
wound healing, embryonic development, complement
that SERPINA1 and SERPINA3 may be related to the

rejection.’® SERPINAL is also a protease inhibitor and
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Table 8 IPA Pathways of Distinct Urinary Proteins in Old  Table 9 IPA Pathways of Distinct Urinary Proteins in Young

Donor/Young Recipient Group Donor/Old Recipient Group
Ingenuity Canonical -Log Ratio | Molecules Ingenuity -Log Ratio Molecules
Pathways (p-value) Canonical (p-value)
Pathways
Acute Phase Response 3.99 0.0176 | SERPINA3,
Signaling SERPINAL, Acute Phase 16 0.0647 C3, APCS, C9,
RBP4 Response Signaling SERPINFI, SERPINA3,
N ive Role of 271 0.0168 | TPPI SERPINAI, FGB, LBR
europrotectlve ole O . .| , HRG, FZ, AGT
THOPI in Alzheimer’s SERPINA3
Disease LXR/RXR 8 0.0496 C3, C9, SERPINFI,
Activation SERPINALI, LBP, AGT
LXR/RXR Activation 2.69 0.0165 | SERPINAI,
RBP4 FXR/RXR 6.24 0.0397 C3, C9, SERPINFI,
Activation SERPINAI, AGT
FXR/RXR Activation 2.66 0.0159 | SERPINAI,
RBP4 Coagulation 4.89 0.0857 SERPINAI, FGB, F2
System
Atherosclerosis Signaling 2.65 0.0157 | SERPINAI,
RBP4 Intrinsic 4.65 0.0714 FGB, COLI8AI, F2
Prothrombin
IL-12 Signaling and 2.53 0.0137 | SERPINAI, _
Activation Pathway
Production in Macrophages RBP4
Extrinsic 3.71 0.125 FGB, F2
Pyruvate Fermentation to 2.47 0.167 LDHB .
L Prothrombin
actate Activation Pathway
Producti f Nitric Oxid 2.29 0.0103 | SERPINAI,
roduction of Witric Lxide Complement 297 00541 | C3,C9
and Reactive Oxygen Species RBP4
System
in Macrophages
Hepatic Fibrosis/ 2.76 0.0164 LBP, COLI8AI, AGT
Clathrin-mediated 2.27 0.0101 | SERPINAI, .
Endocytosis Signalin RBP4 Hepatic Stellate
ndoor g & Cell Activation
lutathi Redox R i 1.87 .0417 | PRDX
IG“tat ione Redox Reactions | 1.8 00 é Neuroprotective | 1.98 00168 | SERPINA3, AGT
Role of THOPI in
Coagulation System 1.71 0.0286 | SERPINAI Alzheimer’s
Disease
Triacylglycerol Degradation 1.53 0.0189 | PRDX6
Role of Tissue 1.95 0.0163 FGB, F2
Heparan Sulfate Biosynthesis | 1.38 0.0133 | PRDX6 .
Factor in Cancer
(Late Stages)
Sucrose 1.93 0.111 ALDOA
Heparan Sulfate Biosynthesis | 1.35 0.0122 | PRDXé D .
egradation
V (Mammalian)
Atherosclerosis 1.92 0.0157 | SERPINAI, COLI8AI
Such results indicated that these changes may serve as | S&"n8
clues for the exploration of kidney aging and renal p70S6K Signaling 1.89 00152 | F2, AGT
transplantation. In addition, we observed 7 pathways NAD 177 00769 | ACPP
that were significantly different in the 2 groups, of Phosphorylation
which 4 (acute-phase response, FXR/RXR activation, and
LXR/RXR activation, and atherosclerotic signal) were Dephosphorylation
also identified in the blood proteome analysis. These Guanosine 1.77 0.0769 | ACPP
results indicate that urine proteomics may play an | Nucleotides
important role in the study of the kidney aging and | Degradationll
renal transplantation. (Continued)
1468 "= Clinical Interventions in Aging 2021:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Wang et al

Table 9 (Continued).

Ingenuity -Log Ratio Molecules

Canonical (p-value)

Pathways

Urate 1.74
Biosynthesis/

0.0714 | ACPP
Inosine 5'-
phosphate
Degradation

Glutaryl-CoA 1.71
Degradation

0.0667 PARK7

Parkinson’s 1.68

Signaling

0.0625 PARK7

Adenosine 1.66

Nucleotides

0.0588 | ACPP

Degradation Il

Histamine 1.6l 0.0526 AOCI

Degradation

Purine Nucleotides | 1.59 0.05
Degradation |l
(Aerobic)

ACPP

Clathrin-mediated 1.56

Endocytosis

0.0101 SERPINALI, F2

Signaling

Tryptophan 1.51 0.0417 | PARK7
Degradation Il

(Eukaryotic)

NAD Salvage 1.47
Pathway Il

0.0385 | ACPP

Glycolysis | | .47 0.0385 | ALDOA

Gluconeogenesis | 1.47 0.0385 ALDOA

LPS/IL-1 Mediated 1.47
Inhibition of RXR

Function

0.00905 | FABPS, LBP

Actin 1.45
Cytoskeleton

0.00881 | LBP, F2

Signaling

Summary

In summary, our study further demonstrated that a young
internal environment might ameliorate kidney aging and
improve the function of transplanted kidneys from elderly
donors. Our study provided preliminary clinical evidence
for increasing the age limit of renal transplant donors.
However, due to the limited sample size, the findings of

the present study need to be further verified by large-scale
clinical studies. In addition, we found that SLC3A2 might
be related to kidney aging and that SERPINA1 and
SERPINA3 might be related to transplanted kidney rejec-
tion. These findings provided new clues for the investiga-
tion of related mechanisms and clinical biological marker
screening.
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