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Abstract: Objective: The isobaric tags for relative and absolute quantification (iTRAQ) technique for proteomic analy-
sis was employed to identify diagnostic markers and therapeutic targets of Shenkangling intervention or prednisone
tablets in rats with adriamycin nephropathy (AN). Methods: Fifty healthy, clean-grade Sprague-Dawley rats were
selected, with 10 rats in the normal group and the remaining 40 rats receiving a tail vein injection of 5.5 mg/kg of
adriamycin (ADR) to induce AN. Treatment began 1 week later. The normal group received gastric administration of
normal saline. Forty rats with induced AN were further randomly divided into the AN modeling group (n = 10), AN
modeling + prednisone treatment group (n = 10), AN modeling + Shenkangling intervention group (n = 10), and AN
modeling + prednisone + Shenkangling intervention group (n = 10). iTRAQ was employed in combination with mass
spectrometry to analyze the differentially expressed proteins in the urine after 3 weeks of treatment (in the fourth
week of the experiment). Results: Compared with normal rats, AN rats had 6 down-regulated proteins and 1 upregu-
lated protein. Compared with AN rats, prednisone rats had 2 down-regulated and 6 upregulated proteins. Compared
with AN rats, combined treatment rats had 2 down-regulated and 8 upregulated proteins. Compared with the AN
model group, the Shenkangling treatment group had 3 down-regulated and 9 upregulated proteins. Gro, Afamin,
Cystatin-related protein 2, Afamin, and isoform CRA_a were considered diagnostic markers of primary nephrotic
syndrome (PNS). Telomerase was considered the therapeutic target of prednisone. Urinary protein 2, Apolipoprotein
A-ll, 45 kDa calcium-binding protein, Vitronectin, and Osteopontin were the therapeutic targets of the Shenkangling
intervention. Afamin, isoform CRA_a, Apolipoprotein A-IV, Coagulation factor XIlI, Prolactin-induced protein, and Co-
agulation factor XIl were the therapeutic targets of the Shenkangling intervention combined with prednisone. Con-
clusion: The feasibility of urinary proteomics analysis in rats using a large number of proteins with finite molecular
weights is controversial. The markers screened in this study may be of clinical value for the diagnosis and treatment
of nephropathy. However, these findings should be confirmed in future cohort studies.
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Introduction al change nephrotic syndrome (MCNS), and
80-90% of such pediatric cases relapse. With

Primary nephrotic syndrome (PNS) is caused by MCNS, 25-43% of the children have frequently

heavy proteinuria, which leads to hypoprotein- relapsing nephrotic syndrome (FRNS) due to

emia, edema, and hyperlipidemia. The inci- infection or being in a hypercoagulable state

dence of PNS, a common kidney disease in chil- [3], which makes treatment of FRNS very

dren [1], varies across regions. In the United difficult.

States, the incidence is one case per million.

The incidence in Asia is higher than that in Tail vein injection of adriamycin (ADR) is a suc-

North America or Europe [2]. In China, 85% of cessful method of inducing adriamycin nephrop-

children with nephropathy present with minim- athy (AN) [4]. The pathogenesis of PNS and the


http://www.ajtr.org

Adriamycin-induced nephropathy in rats with urinary proteomics

proteomic changes induced by Shenkangling
intervention remain unknown. Proteomic analy-
ses are generally used in comparative or
descriptive studies, focusing on the difference
in quantitative or qualitative samples and iden-
tification of differentially expressed proteins
[5]. Different types of samples can be used in
proteomic studies for clinical nephrology [6].

At present, 2D-electrophoresis (2-DE) is appli-
ed to cell or tissue isolation in proteomic stud-
ies. Matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF-
MS) is used for relative and absolute quanti-
fication of postmodification peptides and pro-
teins and is considered necessary for clinical
applications [7, 8]. Proteomic analysis has been
used for detecting diabetic nephropathy [9],
glomerular disease [10, 11], urinary samples
[12, 13] and exosomes in urine [14, 15]. Plas-
ma is usually used for protein research in dis-
ease states because blood samples are easy
to acquire and can be collected repeatedly.
Plasma proteomics holds immense potential to
identify new markers [16]. The benefits of
SELDI-TOF-MS include purification and isola-
tion of small-molecular-weight proteins at high
efficiency, stability, specificity and sensitivity
[17, 18]. Moreover, SELDI-TOF-MS is suitable
for the semiquantification of small-molecular-
weight peptides and proteins, which could be
potential diagnostic and prognostic markers
that could facilitate the understanding of the
pathogenesis of many diseases [19-21]. The
iTRAQ technique has presented many advan-
tages since its invention and has been used
extensively for the comparison of features of
soluble proteins [22, 23], especially subpro-
teins in large quantities [24]. However, whether
this technique is appropriate for precise quanti-
tative analyses of membrane proteins is not
fully known.

According to traditional Chinese medicine, defi-
ciency of kidney and blood stasis syndrome is
an important pathologic factor contributing to
the development of PNS. The Chinese herbal
decoction, Shenkangling, has proven effective
in treating PNS.

We combined iTRAQ with tandem mass spec-
trometry to produce relative and absolute
quantifications of urine samples. This method
is ideal for identifying new biomarkers. Based
on the diagnostic biomarkers of PNS that were
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screened, we proceeded to analyze the patho-
genesis of PNS from a proteomics perspective.
The therapeutic targets of Shenkangling inter-
vention were also identified.

Materials and methods
Materials

A Q-exactive Mass spectrometer was pur-
chased from Thermo Finnigan (USA). An iTRAQ
Reagent-8plex Multiplex Kit was purchased
from AB SCIEX (USA). Doxorubicin Hydrochlori-
de for Injection was manufactured by Pharma-
cia & Upjohn (Italy). Prednisone was manufac-
tured by Zhejiang Xianju Pharmaceutical Co.,
Ltd. Healthy clean-grade SD male rats weighing
between 210-350 g and aged approximately 3
months were supplied by Shanghai SLAC
Laboratory Animal Co., Ltd. (laboratory animal
license: SCXK (Shanghai) 2007-0005).

Modeling and treatments

Forty rats in the modeling group received tail
vein injections of adriamycin (ADR) at a dose of
5.5 mg/kg on day 1. Rats in the normal group
received tail vein injections of normal saline at
an equal dose. One week after modeling, rats
in the modeling group were randomly divided
into (1) an AN model group (n = 10), (2) a pred-
nisone group (n = 10, receiving a gastric admin-
istration of 3 ml prednisone suspended in dis-
tilled water at a daily dose of 5.5 mg/kg in the
morning and a gastric administration of 3 ml
distilled water in the afternoon), (3) a Shen-
kangling plus prednisone treatment group (n =
10, receiving a gastric administration of 3 ml
prednisone suspension in the morning and a
gastric administration of Shenkangling decoc-
tion at a dose of 1 mL/100 g in the afternoon),
and (4) a Shenkangling decoction group (n =
10, receiving a gastric administration of Shen-
kangling decoction in the morning and a gastric
administration of 3 ml distilled water in the
afternoon). For the normal group and the AN
modeling group, 3 ml distilled water was admin-
istered intragastrically. The remaining groups
received continuous gastric administration for
3 weeks.

Biochemistry and urine protein detection

Blood was sampled from the abdominal aorta
and centrifuged. Serum albumin (ALB) and cho-
lesterol (CHOL) were detected using an auto-
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Figure 1. Urine protein concentrations (mg/day, mean + SD) in the normal
group, AN model group, Shenkangling intervention group, prednisone treat-
ment group, and combined treatment group at weeks 1, 2 and 3 after mod-
eling.
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Figure 2. ALB and CHOL levels at the fourth week of modeling. Blue indicates
the normal group, red the AN model group, green the Shenkangling interven-
tion group, purple the prednisone treatment group, and light blue indicates
the combined treatment group.

matic biochemical analyzer. Urine proteins

tone (-20°C) at a 1:9 propor-
tion (supernatant: acetone),
and mixed well. The sample
was placed in a -20°C freezer
for 1 h. The sample was then
centrifuged at 12,000 g and
4°C for 30 min. The superna-
tant was discarded, and the
sample was air dried. We
added 500 pl of SDT lysis buf-
fer to each sample, mixed the
samples via vortex, and pl-
aced them in a boiling water
bath for 10 min. The sample
was ultrasonically disrupted
(15 repetitions of 150 w, for
10 s, with an interval of 15 s).
After treatment in a boiling
water bath for 5 min, the sam-
ple was centrifuged again,
and the supernatant was col-
lected. Proteins were quanti-
fied using the BCA method.
For each group, two 50 L
urine samples were collected
and combined into two inter-
nal standards. Then, 300 ug
each of the sample and the
internal standard were taken
and added to DTT at a final
concentration of 100 mM.
The samples were placed in a
boiling water bath for 5 min
then cooled to room tempera-
ture. A 200 uL UA buffer (8
M Urea, 150 mM TrisHCI pH
8.0) was then added and the
samples were mixed well.
Centrifugation was performed
using a 10 kd ultrafiltration

tube at 14,000 g for 14 min. 200 ul UA buffer

were detected using the pyrogallol colorimetric
method. Urine proteins were quantified once
per week throughout the three-week treatment.
At the end of the treatment period, each rat
was weighed and tested for ALB, CHOL and
urine proteins.

Protein purification and iTRAQ labeling

For each rat, a 15-ml urine sample was collect-
ed and centrifuged at 5000 g at 4°C for 5 min.
The precipitate was discarded and the super-
natant was collected, added to precooled ace-
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was further added to the sample and centri-
fuged at 14,000 g for 15 min. The filtrate was
discarded after centrifugation. Then, 100 pL
IAA (50 mM IAA in UA) was added and the tube
was oscillated at 600 rpm for 1 min. The tube
was left to stand in the dark at room tempera-
ture for 30 min. The tube was then centrifuged
at 14,000 g for 10 min. The sample was added
to 100 uL UA buffer and centrifuged at 14,000
g for 10 min. This step was performed twice.
The sample was further added to 100 pL dis-
solution buffer and centrifuged at 14,000 g for
10 min. This step was also performed twice.
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Next, 40 ul of trypsin buffer (5 ug trypsin in 40
uL dissolution buffer) were added and the tube
was oscillated at 600 rpm for 1 min. The tube
was left to stand at 37°C for 16-18 h. The tu-
be was replaced and centrifugation was per-
formed at 14000 g for 10 min. The filtrate was
collected and protein concentrations was mea-
sured at OD280. All labeled peptides were
mixed and passed through an SCX column. The
thirty eluted fractions were collected and com-
bined into 6 fractions according to the SCX
chromatogram for each sample. The samples
were freeze dried and desalinized in a C18
Cartridge (Sigma).

Mass spectrometry

Each sample was separated using an Easy-
nLC 1000 UHPLC system. After analysis with
capillary high performance liquid chromato-
graphy, mass spectrometry was performed
using a Q-Exactive mass spectrometer (Thermo
Finnigan).

Statistical analysis

Original mass spectrometry data were in RAW
files. The proteins were identified using Max-
quant 1.4.1.2 (standard parameter configu-
ration with Maxquant). The 95% confidence
interval was calculated. T-tests were perform-
ed for each time point and baseline data. Ra-
tios > 2.0 or < 0.5 between the groups and P
< 0.05 indicated differentially expressed pro-
teins.

Bioinformatic analysis of proteomics data

Gene ontology (GO) function enrichment analy-
ses were performed on the iTRAQ data (http://
www.geneontology.org/). There were three br-
anches, namely, cellular component, molecular
function and biological process. GO slims is a
compact version of GO ontologies that consi-
sts of subset of GO terms (http://www.geneon-
tology.org/GO.slims.shtml). The differentially
expressed proteins were searched against the
UniProtKB database (Release 2014_8, Uni-
ProtKB/Swiss-Prot and UniProtkKB/TrEMBL) us-
ing Local Blast (version: 2.2.23+). The E-value =
1e-10 and identity were set to above 30%. GO
annotations for aligned hits were used as the
annotations of the differentially expressed pro-
teins. An in-house Perl script was used to deter-
mine the number of proteins in the different
branches.

2118

Results
Establishment of AN models

Tail vein injection of ADR (5.5 mg/kG) was per-
formed to establish AN models. After 1 week,
urine protein was quantified as 100.08 mg (+
15.58 mg) in AN rats, which was significantly
higher than that in normal rats (5.15 + 1.29
mg/24 h, P < 0.01). This finding indicates that
the model was established successfully.

Urine protein quantification

Urine proteins were quantified at weeks 1, 2
and 3 after model construction (Figure 1). Uri-
ne protein concentrations fell within the nor-
mal range in the normal group, with no signifi-
cant changes over time. Compared with the
normal group, the AN model group showed con-
tinuous increases in urine protein concentra-
tions, and the increase was significant throu-
ghout the study. However, urine protein con-
centration decreased in the Shenkangling inter-
vention group and the prednisone treatment
group. The urine protein concentration was sig-
nificantly lower at weeks 2 and 3 after treat-
ment than after establishment of the AN model,
but it was higher in the treated group than in
the normal group.

Changes of biochemical indicators at the end
of the experiment

Biochemical indicators (Figure 2) were mea-
sured at the fourth week of the experiment. ALB
was 15.87 + 1.80 g/L in the AN model group,
which was significantly lower than that of the
normal group (38.50 + 2.08 g/L, P < 0.05), indi-
cating that the AN model was created success-
fully. Compared with the normal group, the AN
model group showed a significant decrease in
ALB. CHOL increased in the AN model group,
but it was still lower than that in the normal

group.

Analysis of the physical and chemical proper-
ties of proteins

Physical and chemical properties of proteins
were characterized by isoelectric point (pl),
molecular weight (MW) and residue number,
which were analyzed by EMBOSS Pepstats
(Figure 3). GRAVY (grand average hydrophobic-
ity) was calculated from the hydrophobicity
index of each amino acid.
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Figure 3. A: Pl distribution. B: MW distribution. C: Residue number distribution. D: GRAVY value distribution.

Gene ontology

The proteins were classified into three major
categories: “biological processes”, “molecular
functions” and “cellular components.” The
functions of the proteins may be relevant or
irrelevant to these categories. Some proteins
were mapped to multiple GO terms. For exam-
ple, 51 proteins were mapped to multiple bio-
logical process GO terms, and there were 257
unique biological process GO terms (see Figure
S1). Forty-nine proteins were mapped to multi-
ple molecular function GO terms, and there
were unique molecular function GO terms (see
Figure S2). Fifty-four proteins were mapped to
multiple cellular component GO terms, and
there were 69 unique cellular component GO
terms (see Figure S3). Preliminarily, 90 protein
biomarkers were identified. Different proteins
had different functions (Figure 4).
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KEGG pathway analysis

Differentially expressed proteins were search-
ed against the KEGG protein database using
Local Blast (version: 2.2.23+). Alignment hits
with 30% identity were mapped to their KO
numbers. A Perl script was developed based
on the KEGG API used for mapping the proteins
to the KEGG pathway. Significance analyses
were performed for the pathway based on
hyper-geometric distributions, using all KO nu-
mbers in the KEGG pathway. There were 12
proteins mapped to the 24 KEGG Pathway map
using KEGG IDs (Figure 5).

Different proteomes identified in different
groups

Urinary proteomics analyses yielded the follow-

ing results. Fifty-one proteins satisfied the fol-
lowing criteria: P value < 0.05, EF < 2, at least

Am J Transl Res 2018;10(7):2115-2125
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Figure 5. Significant enrichment of identified proteins to the corresponding
pathways; curves were plotted using the negative logarithm with 10 as the

base for the pathways and higher-level pathways.

two unique peptides > 95% confidence level,
and a protein expression ratio > 2.0 or < 0.5.
Compared with the normal group, the AN mod-
el group had 7 differentially expressed pro-
teins, including 6 down-regulated and 1 upre-
gulated proteins (Table 1). Compared with the
AN model group, the prednisone group had 8
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1. Drug metabolism-other enzymes (2)

2. Complement and coagulation cascades (2)
3. Nitrogen metabolism (1)
4. Butanoate metabolism (1)
5. Fat digestion and absorption (1)
6. Vitamin digestion and sorption (1)
7. ECM-receptor interaction (1)

8. Synaptic vesicle cycle (1)
9. Vasopressin-regulated water reabsorption (1)

10. GABAergic synapse (1)

differentially expressed pro-
teins, including 2 down-regu-
lated and 6 upregulated pro-
teins (Table 2). Compared wi-
th the AN model group, the
combined treatment group
had 10 differentially express-
ed proteins, including 2 down-
regulated and 8 upregulated
proteins (Table 3). Compared
with the AN model group,
the Shenkangling interven-
tion group had 12 differential-
ly expressed proteins (3 do-
wn-regulated and 9 upregu-
lated) (Table 4). Protein identi-
fication was based on the
Swiss-Prot database (http://
WWW. expasy.org/tools/tagi-
dent.html).

Discussion

Protein identification is necessary for under-
standing the pathogenesis of PNS. Our results
indicate that compared with normal rats, AN
model rats had 6 down-regulated proteins (gro,
cystatin-related protein 2, probasin precursor,
D Chain D Structure Of E.Coli Gapdh Rat Sperm
Gapdh Heterotetramer, prostatic steroid bind-
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Table 1. A. Normal group; B. Modeling group. Seven differentially expressed proteins were considered

as the diagnostic markers for PNS

Protein - Mol. weigh B/A

s;?)t:nuargg(: Protein name O(kD:)g t B ra{io P-Value
gi1220755 Gro 10.249 3.706 0.619 0.167 0.044

gi| 72679563 Cystatin related protein 2 21.013 4225 0.531 0.126 0.014
gi19506847 Probasin precursor 20.780 4229 0.570 0.135 0.019

g 7160087
gi1157820173
81149033757

~N o O~ W N R

Prostatic steroid binding protein

Afamin, isoform CRA_a

gi1195927361 D Chain D, Structure Of E.Coli Gapdh Rat Sperm Gapdh Heterotetramer 36.077 3.998 0.279 0.070 0.001

10.730 3558 0.4 0112 0.009

L-2-hydroxyglutarate dehydrogenase, mitochondrial 50.732 3.359 0.483 0.144 0.025

68.295 0.902 4.237 4.697 0.020

Table 2. B. Model group; C. Prednisone treatment group. Eight differentially expressed proteins were

considered as therapeutic targets of prednisone

Protein acces-

) Protein name
sion number

Mol. weight C/B
[kDa] B ¢ ratio | vole

68.295 4.237 0.708 0.167 0.002

gi1 149065418 Prolactin induced protein, isoform CRA_d 16.44 0.969 0.284 0.293 0.049

1 gi| 149033757 Afamin, isoform CRA_a
2

3 gi| 60552712 Apolipoprotein A-IV
4 gi163259209

5 gi|6978527 Aquaporin-1

6 gi156541525 Carboxylesterase 2
7 gi|1204655 Haptoglobin (Hp)

8 gi1298351665 Coagulation factor XIl

44456 0.499 1314 2.633 0.025

Telomerase catalytic subunit isoform c 6.622 0.630 6.912 10.971 0.000

28.856 0.462 1.608 3.481 0.006
62.189 0.642 1517 2.363 0.042
38.555 0.442 1375 3111 0.011
65.843 0.458 1.056 2.306 0.047

Table 3. B. Model group; D. Combined treatment group. Ten differentially expressed proteins were
considered as therapeutic targets of both prednisone and Shenkangling intervention

Protein acces-

Mol. weight D/B

No. sion number Protein name [kDa] B ratio P-Value
1  gi|149033757 Afamin, isoform CRA_a 68.295 4.237 1.237 0.292 0.000
2 gi16226289 Urinary protein 2 11.068 4.391 0.774 0.176 0.000
3 gi1202948 Apolipoprotein A-ll, partial 10.255 0.308 1.364 4.429 0.018
4 gi160552712 Apolipoprotein A-IV 44456 0.499 1.822 3.651 0.042
5 gi|59808174 Inter alpha-trypsin inhibitor, heavy chain 4 103.750 0.478 1.729 3.617 0.044
6 gi|21263446 45 kDa calcium-binding protein 42.075 0.270 2.490 9.222 0.000
7 81163259209 Telomerase catalytic subunit isoform ¢ 6.622 0.630 3.812 6.051 0.004
8 gi| 76780264 Vitronectin 54.724 0.459 1.712 3.730 0.039
9 gi|1871124 Osteopontin 34963 0.406 1.855 4.569 0.016
10 gi|298351665 Coagulation factor XII 65.843 0.458 1.689 3.688 0.041

ing protein, and L-2-hydroxyglutarate dehydro-
genase) and 1 upregulated protein (afamin, iso-
form CRA_a). “Gro” has chemotactic activity on
neutrophil granulocytes during inflammatory
responses. “Gro” was once identified as a urine
diagnostic marker for acute kidney injury (AKI)
[25]. “Cystatin-related protein 2” can inhibit or
reduce cysteine endopeptidase and hydrolyze
peptides via the sulfhydryl group in the cysteine
residue in its active site. This mechanism is
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related to various types of kidney disorders
[26]. “Prostatic steroid binding protein” is an
important glycoprotein secreted by ventral
prostate [27]. “L-2-hydroxyglutarate dehydro-
genase of mitochondria” serves as a catalyst
of the reaction. “Afamin, isoform CRA_a” was
found to be down-regulated in acute renal
allograft rejection during pathological diagno-
sis. Afamin can be used as a diagnostic marker
of acute renal allograft rejection [28]. “Gro,

Am J Transl Res 2018;10(7):2115-2125
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Table 4. B. Model group; E. Shenkangling intervention group. Twelve differentially expressed proteins
were considered as therapeutic targets of Shenkangling intervention

No. rotein acces- Protein name Mol. weight g E B pvae
sion number [kDa] ratio
1 gi1149033757 Afamin, isoform CRA_a 68.295 4237 1.034 0.244 0.003
2 gi1 149065418 Prolactin induced protein, isoform CRA_d 16.440 0.969 0.371 0.383 0.038
3 gi16226289 Urinary protein 2 11.068 4391 0.757 0.172 0.000
4 gi1202948 Apolipoprotein A-ll, partial 10.255 0.308 1.440 4.675 0.001
5 gi| 204726 Ig delta heavy chain constant region, partial 22.422 0.604 1555 2.575 0.043
6 gi159809147 Complement factor | 67.297 0.517 1.334 2.580 0.042
7 gi121263446 45 kDa calcium-binding protein 42.075 0.270 0.894 3.311 0.010
8 gi| 56268879 Complement factor B 85.120  0.498 1.309 2.629 0.038
9 gi| 76780264 Vitronectin 54.724  0.459 1.182 2.575 0.043
10 gi| 1871124 Osteopontin 34,963 0.406 1.575 3.879 0.003

11 gi|298351665

Coagulation factor XII

65.843 0.458 1.295 2.828 0.026

12  gi|300794452 Receptor-type tyrosine-protein phosphatase H precursor ~ 107.940  0.527 1.375 2.609 0.040

Afamin, Cystatin-related protein 2, and Afamin,
isoform CRA_a” are involved in the pathogene-
sis of renal diseases and can be used as diag-
nostic markers for PNS.

Compared with the AN model group, the pred-
nisone treatment group had 8 differentially
expressed proteins, including 2 down-regulat-
ed proteins (Afamin, isoform CRA_a and prolac-
tin-induced protein, isoform CRA_d) and 6 up-
regulated proteins (Apolipoprotein A-IV, telo-
merase catalytic subunit isoform ¢, aquapo-
rin-1, carboxylesterase 2, haptoglobin (Hp), and
Coagulation factor XIl). “Afamin, isoform CRA_a
" has been identified as a diagnostic marker for
PNS and a therapeutic target of prednisone.
“Apolipoprotein A-IV” plays an important role
in the secretion and catabolism of chylomi-
crons and very-low-density lipoprotein (VLDL).
Moreover, this requires the presence of lipopro-
tein lipase, activated by ApoC-II. “Apolipoprotein
A-IV” is an effective catalyst for lecithin choles-
terol acyl transferase (LCAT) and is a key active
component of high density lipoprotein (HDL)
and chylomicrons. “Apolipoprotein A-IV” has
been identified as a diagnostic marker for the
progression of chronic kidney disease (CKD)
[29]. “Aquaporin-1” is involved in forming the
erythrocyte membranes and water channels of
high-permeability renal proximal tubules, allow-
ing water to move along the osmotic gradient.
Hemodialysis (HD) promotes membrane pro-
teomics remodeling, especially aquaporin-1
remodeling [30]. “Haptoglobin” accumulates in
the kidneys and is secreted into the urine.
Hemoglobin can be captured by free haptoglo-
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bin in the blood plasma to promote hepatic
circulation of hemoglobin and reduce renal inju-
ry. It also has antioxidative and antibacterial
effects and regulates acute phase reactions.
Haptoglobin and the haptoglobin-hemoglobin
complex can be rapidly cleared by the macro-
phage scavenger receptor CD163, which is
expressed on the surface of liver Kupfer cells
and acts through the endocytotic and lysosom-
al pathways. Haptoglobin that is not cleared is
also known as fibronectin, which plays an
important role in intestinal permeability by al-
lowing for tight junction disassembly and regu-
lating tolerance to foreign antigens and im-
mune balance. The amount of haptoglobin mul-
tiplies in focal segmental glomerulosclerosis
(FSGS) and it is considered to be a diagnostic
marker in urine related to glomerular filtra-
tion rate [31]. “Coagulation factor XII” is a sero-
glycoid involved in the activation of blood coag-
ulation, fibrinolysis, and the generation of bra-
dykinin and angiotensin. Prekallikrein can be
cleared by coagulation factor Xl to form kalli-
krein and convert coagulation factor Xl intoo-
coagulation factor XIl, which is further convert-
ed into B-coagulation factor Xl in the presence
of trypsin. a-coagulation factor Xlla can acti-
vate the conversion of coagulation factor Xl into
coagulation factor Xia.

Compared with the AN model group, the com-
bined treatment group had 10 differentially
expressed proteins, including 2 down-regulat-
ed proteins (Afamin, isoform CRA_a, urinary
protein 2) and 8 upregulated proteins (Apo-
lipoprotein A-1l, Apolipoprotein A-1V, Inter alpha-
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trypsin inhibitor, heavy chain 4, 45 kDa calci-
um-binding protein, Telomerase, Vitronectin,
Osteopontin, and Coagulation factor XIl). “Afa-
min, isoform CRA_a” was not only a diagnostic
marker for PNS but also therapeutic target of
prednisone and the Shenkangling intervention.
“Apolipoprotein A-ll, partial” can stabilize the
structure of HDL by linking to lipids. Apo A-ll
is an independent favorable prognostic factor
for patients with metastatic renal cell carcino-
ma [32]. “Inter alpha-trypsin inhibitor, heavy
chain 4”7 is involved in inflammatory respons-
es and may contribute to renal disease pro-
gression or renal tissue regeneration. Its expres-
sion level in blood is positively correlated with
the severity of nephrotoxicity, which highlights
the relationship between protein expression
and clinical chemistry endpoints [33]. “Apo-
lipoprotein A-IV” was upregulated in the pre-
dnisone treatment group and further upregu-
lated in the combined treatment group. Thus,
“Apolipoprotein A-IV” was a therapeutic mar-
ker of both the Shenkangling intervention and
prednisone. “Vitronectin” is a cell adhesion
molecule and hyaluronidase in the serum and
tissues. Vitronectin can bind to glycosamino-
glycans and proteoglycans recognized by the
integrin family. As a cell-matrix adhesion mole-
cule, vitronectin inhibits membrane damage of
the terminal cell lysis complement pathway.
Vitronectin can be closely connected to hydroxy-
apatite to form ore matrix, which plays an
important role in interactions between cellular
matrices. Vitronectin was detected in the cyst
fluid of patients with autosomal dominant poly-
cystic kidney disease [34]. As a cytokine,
“Osteopontin” promotes the secretion of inter-
feron-gamma (INF-y) and interleukin-12 (IL-12),
while inhibiting the secretion of interleukin-10
(IL-10). This leads to type | allergic reactions.
Osteopontin was discovered as an early diag-
nostic marker in urine for acute kidney injury
(AKI) combined with refractory complications
with high sensitivity and specificity. Normal
osteopontin levels have a renal protective ef-
fect and offer hope for interventional therapy
[35]. “Coagulation factor XII” was upregulated
in the prednisone treatment group and further
upregulated in the combined treatment group.
Thus, “coagulation factor XII” may be a poten-
tial therapeutic target of both prednisone and
Shenkangling.

Compared with the AN model group, the
Shenkangling treatment group had 12 diffe-
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rentially expressed proteins, including 3 down-
regulated proteins (Afamin, isoform CRA_a,
Prolactin-induced protein isoform CRA_d, and
Urinary protein) and 9 upregulated proteins
(Apolipoprotein A-Il, Ig delta heavy chain con-
stant region, Complement factor I, 45 kDa cal-
cium-binding protein, Complement factor B,
Vitronectin, Osteopontin, Coagulation factor
XlIl, and Receptor-type tyrosine-protein phos-
phatase H precursor). “Afamin, isoform CRA_a”
was upregulated in the AN model group but
down-regulated in other groups. This result sug-
gests the potential of using “Afamin, isoform
CRA” as a diagnostic marker for PNS and as a
therapeutic target of prednisone and Shen-
kangling. “Apolipoprotein A-ll, partial” was up-
regulated in the combined treatment group
and the Shenkangling intervention group. The
expression level was similar between the two
groups. However, no significant changes were
observed in the prednisone treatment group.
Therefore, “Apolipoprotein A-ll, partial” was
considered to be a therapeutic target of Sh-
enkangling decoction but not of prednisone.
“Complement factor B” is a component of the
complement bypass pathway and is decom-
posed into two fragments by complete factor
D, Baand Bb. Bb is a serine protease that binds
to complement factor 3b to produce C3 or C5
convertase. Bb is involved in the proliferation
and differentiation of preactivated B lympho-
cytes, fast propagation of peripheral blood
mononuclear cells, activation of lymphocyte
blastogenesis, and erythrocyte lysis. Ba inhib-
its the proliferation of preactivated B lympho-
cytes. Proteomics analyses indicated that com-
plement factor B is significantly upregulated in
glomerulosclerosis. Complement factor B was
considered to be involved in the activation of an
alternative pathway for damaged glomeruli. A
gradual increase inTGF-81 can promote the
progression of glomerulosclerosis [35]. “Re-
ceptor-type tyrosine-protein phosphatase H
precursor” negatively regulates the propaga-
tion of oligodendrocyte precursor cells in the
embryonic spinal cord and promotes the differ-
entiation of precursors into mature cells, thus
achieving spinal cord differentiation of oligo-
dendrocytes. “Receptor-type tyrosine-protein
phosphatase H precursor” plays an important
role in preventing cell apoptosis and protecting
oligodendrocytes and is important in the mem-
ory of precedence relations. This process is
achieved through transmitting dephosphoryla-
tion of important signaling proteins [36].
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In conclusion, three proteins (Gro, Afamin,
Cystatin-related protein 2, and Afamin, isoform
CRA_a) were related to renal diseases in the
AN model. They could be used as diagnostic
markers for PNS. The expressions of “Telo-
merase” were significantly different between
the prednisone treatment group and the AN
model group. Thus, “Telomerase” is a potential
therapeutic target of immunosuppressive pr-
ednisone. “Urinary protein 2, Apolipoprotein
A-ll, 45 kDa calcium-binding protein, Vitrone-
ctin, and Osteopontin” were the therapeutic
targets of the Shenkangling decoction. “Afa-
min, isoform CRA_a, Apolipoprotein A-IV, Co-
agulation factor Xll, Prolactin-induced protein,
and Coagulation factor XII” were the therapeu-
tic targets of both the Shenkangling decoction
and prednisone. However, these conclusions
should be verified in future clinical trials.
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Classification of biological process categories in level 2
signaling, 14
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process, 8
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process, 7
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biogenesis, 8

cell killing, 1 multicellular organismal

locomotion, 6 process, 15

Figure S1. The “Biological process” category included 90 different secreted proteins: 38, 34 and 33 proteins were
divided into “single-organism process”, “cellular process” and “metabolic process”, respectively. The “Response to
stimulus” category included 28 proteins, “biological regulation” contained 27 proteins, “localization” included 22
proteins, “multicellular organismal” contained 15 proteins, “signaling” contained 14 proteins, the “immune sys-
tem” contained 12 proteins, “cellular component organization or biogenesis” contained 8 proteins, “developmental
process” contained 8 proteins, “biological adhesion” contained 8 proteins, “multi-organism process” contained 7
proteins, “locomotion” contained 6 proteins, “cell killing” contained 1 protein, and “growth” contained 1 protein.
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Classification of molecular function categories in level 2
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Figure S2. The “Molecular function” category included 90 different secreted proteins. The “Binding” subcatego-
ry, the largest subcategory, included 42 proteins. The “Catalytic activity” subcategory contained 42 proteins, the
“transporter activity” subcategory contained 11 proteins, the “enzyme regulator activity” subcategory contained 7
proteins, the “antioxidant activity” subcategory contained 4 proteins, the “molecular transducer” subcategory con-
tained 3 proteins, and “channel regulator activity”, “structural molecule activity” and “nucleic acid binding transcrip-
tion factor activity” subcategories each contained 1 protein.

Classification of cellular component categories in level 2
extracellular matrix, 2

collagen trimer, 1

membrane-enclosed
lumen, 3

Figure S3. The “Cellular component” category included 90 secreted proteins. The three major subcategories were
“organelle”, “extracellular region” and “cell”, which included 38, 34 and 30 proteins, respectively. The “Membrane”
subcategory contained 17 proteins, the “macromolecular complex” subcategory contained 11 proteins, the mem-
brane-enclosed lumen” subcategory contained 3 proteins, and the “extracellular matrix” subcategory contained 2
proteins.
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