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Effect of methotrexate on the urinary proteome of rats

DONG Xinwen”, HU Mingyue’, MENG Wenshu, GAO Youhe

Gene Engineering Drug and Biotechnology Beijing Key Laboratory, College of Life Science, Beijing Normal
University, Beijing 100875, China

Abstract: Methotrexate (MTX) is a widely used immunosuppressive drug. Large-dose of MTX is used
for the treatment of cancer while low-dose is used for the treatment of rheumatoid arthritis (RA). This
study aimed to explore the effect of MTX on the urinary proteome of rats. MTX was given to rats orally
to construct an MTX intragastric administration rat model. The urine of the rats were collected within
10 hours after giving MTX, and the urine proteins of the rats were analyzed by liquid chromatography
tandem mass spectrometry (LC-MS/MS). A total of 31 differential proteins were identified, of which
7 proteins were related to the effect MTX and the symptom of RA. The biological processes of some rats
reflected the effect of MTX on the body’s glutathione metabolism and the JAK/STAT signaling
pathway, which indicated that urine proteins have the ability to reflect the effects of MTX on the body of
rats. The spectrum of the differential proteins of each single rat showed that different individuals

respond to the drug quite differently.

Keywords: methotrexate; urine; proteomics; rheumatoid arthritis
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Figure 1 Cluster analysis of all proteins identified by LC-MS/MS. M1-MS5: experimental group; C1-CS5:
control group.
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Table 2 Differential proteins obtained by screening

Accession Cl C2 C3 C4 C5 M1 M2 M3 M4 M5 Fold P-value
number change
GSTA4 RAT 0.00 0.00 0.00 0.00 0.00 0.99 4.54 0.00 1.00 3.02 «© 0.05

AL9A1_RAT 1.04 0.00 0.00 0.97 0.00 398 544 0.00 2.00 4.03 7.68 0.03
SAHH RAT 1.04 0.00 0.00 0.97 1.07 298  7.26 2.86 3.00 5.03 6.85 0.00
PRDX2 RAT 0.00 0.00 0.98 0.00 1.07 1.99 1.81 1.90 1.00 1.01 3.76 0.01
CNDP1_RAT 0.00 0.00 1.96 1.94 1.07 3.98 454 0.95 3.00 4.03 332 0.02
LIFR_RAT 2.09 1.11 1.96 1.94 1.07 597 6.35 0.95 7.00 6.04 3.22 0.01
CKO054_RAT 3.13 2.21 0.98 2.90 1.07 497  8.17 3.81 5.00 8.05 2.91 0.00
PGFRA_RAT 1.04 1.11 0.00 0.97 1.07 1.99 091 1.90 4.00 3.02 2.82 0.03
INHBC_RAT 2.09 1.11 0.98 0.97 0.00 2.98 1.81 1.90 4.00 3.02 2.67 0.01
CLIC4_RAT 3.13 2.21 1.96 3.88 2.15 298  9.07 3.81 6.00 12.08 2.55 0.04
ACTN4_RAT 2.09 1.11 1.96 1.94 1.07 398 7.26 1.90 3.00 4.03 2.47 0.03

DOPD_RAT 3.13 3.32 0.98 1.94 0.00 497  7.26 2.86 3.00 4.03 2.36 0.04
DHSO_RAT 1.04 1.10 0.98 1.94 0.00 0.99 272 1.90 2.00 3.02 2.10 0.04
KHK_RAT 2.09 1.11 0.98 0.97 2.15 2.98 1.81 1.90 3.00 5.03 2.02 0.05
SBP1_RAT 3.13 1.11 391 291 2.15 497 635 6.66 3.00 4.03 1.89 0.02
G6PI_RAT 2.09 2.21 0.98 2.91 2.15 298 544 1.90 4.00 5.03 1.87 0.04

CNDP2_RAT 5.22 4.42 3.91 8.72 8.58 8.95 18.15 6.66 11.00 12.08 1.84 0.05
AADAT RAT 5.22 3.32 3.91 9.69 7.51 7.96 12.70 5.71 14.00 12.08 1.77 0.05
PDIA1_RAT 3.13 2.21 1.96 1.94 1.07 398 272 1.90 4.00 4.03 1.61 0.05
ACTC_RAT 17.74 1438 17.61 2423 1823 1990 37.20 20.00 27.00  30.19 1.46 0.05
ACTB_RAT 30.27  25.44 2347 3295 2467 31.84 4990 27.61 38.01 46.29 142 0.04
APOE_RAT 25.05 1991 19.56 26.17 2253 1890 17.24 19.04 21.00 13.08 0.79 0.03
UP1_RAT 140.90 159.25 109.54 141.50 133.00 104.47 83.47 99.02 134.02 102.65 0.77 0.02
QSOX1_RAT  30.27 17.70 2543 2132 2574 1890 21.78 17.14 16.00 18.11 0.76 0.04
PRS7_RAT 5.22 5.53 4.89 5.82 4.29 298  3.63 3.81 3.00 5.03 0.72 0.01
TFF1_RAT 11.48 12.17 7.82  10.66 9.65 7.96  4.54 8.57 9.00 4.03 0.66 0.03
KIC19_RAT 2.09 4.42 2.93 1.94 3.22 1.99 181 1.90 0.00 2.01 0.53 0.05
TNR1B_RAT 2.09 2.21 1.96 1.94 1.07 0.99 0091 1.90 1.00 0.00 0.52 0.04
RNAS4_RAT 2.09 5.53 6.85 3.88 3.22 0.00 1.81 1.90 4.00 1.01 0.40 0.04
Q9QZRS 2.09 2.21 0.98 0.97 1.07 0.99 091 0.95 0.00 0.00 0.39 0.04
RENR_RAT 2.09 3.32 2.93 1.94 3.22 0.99  0.00 1.90 2.00 0.00 0.36 0.01

M1-MS5: experimental group; C1-C5: control group.
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Table 3 The differential proteins identified from the methotrexate intragastric administration rat model

Accession Protein names Trend Fold change P-value

GSTA4_RAT Glutathione S-transferase alpha-4 1 0 4.82E-02
AL9A1 RAT 4-trimethylaminobutyraldehyde dehydrogenase T 7.68 2.52E-02
SAHH RAT Adenosylhomocysteinase i 6.85 3.79E-03
PRDX2 RAT Peroxiredoxin-2 i 3.76 9.71E-03
CNDP1 RAT Beta-ala-his dipeptidase i 3.32 1.74E-02
LIFR RAT Leukemia inhibitory factor receptor 1 3.22 1.16E-02
CK054 RAT Ester hydrolase C11orf54 homolog i 2.91 4.17E-03
PGFRA RAT Platelet-derived growth factor receptor alpha 1 2.82 2.78E-02
INHBC RAT Inhibin beta C chain i 2.67 1.12E-02
CLIC4_RAT Chloride intracellular channel protein 4 T 2.55 4.42E-02
ACTN4 RAT Alpha-actinin-4 i 2.47 3.14E-02
DOPD RAT D-dopachrome decarboxylase T 2.36 3.75E-02
DHSO RAT Sorbitol dehydrogenase (SDH) 1 2.10 4.46E-02
KHK RAT Ketohexokinase T 2.02 4.82E-02
SBP1 RAT Methanethiol oxidase (MTO) i 1.89 2.26E-02
G6PI_RAT Glucose-6-phosphate isomerase (GPI) 1 1.87 3.67E-02
CNDP2 RAT Cytosolic non-specific dipeptidase T 1.84 4.50E-02
AADAT RAT Kynurenine/alpha-aminoadipate aminotransferase, mitochondrial 1 1.77 4.86E-02
PDIA1 RAT Protein disulfide-isomerase (PDI) i 1.61 4.87E-02
ACTC_RAT (+1) Actin, alpha cardiac muscle 1 1 1.46 4.94E-02
ACTB_RAT (+1) Actin, cytoplasmic 1 i 1.42 3.79E-02
APOE_RAT Apolipoprotein E (Apo-E) l 0.79 3.45E-02
UP1_RAT Urinary protein 1 (UP-1) l 0.77 2.35E-02
QSOX1 RAT Sulfhydryl oxidase 1 l 0.76 4.13E-02
PRS7 RAT 26S proteasome regulatory subunit 7 l 0.72 1.29E-02
TFF1_RAT Trefoil factor 1 l 0.66 2.60E-02
KI1C19_RAT Keratin, type [ cytoskeletal 19 l 0.53 4.86E-02
TNR1B RAT Tumor necrosis factor receptor superfamily member 1B l 0.52 3.93E-02
RNAS4 RAT Ribonuclease 4 l 0.40 4.35E-02
Q9QZRS8 PDZ domain-containing protein 2 l 0.39 4.04E-02
RENR RAT Renin receptor l 0.36 1.11E-02
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Figure 2  Functional analysis of differential proteins identified from the methotrexate intragastric
administration rat model. (A) Biological process. (B) Cellular component. (C) Molecular function.
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Table 4 Biological processes of differential proteins identified from the methotrexate intragastric

administration rat model

Biological process

P-value  Count Uniprot ID

Response to immobilization stress
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Cell redox homeostasis

Negative regulation of platelet activation
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Negative regulation of neuron apoptotic process

Peptide catabolic process
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0.005 3 P04785, P35704, Q61UU3

0.011 2 P02650, P20786

0.017 2 P68035, P20786

0.024 2 P02650, Q80WY6

0.026 3 P02650, P35704, Q6P6VO0

0.036 2 Q6QON1, Q66HG3
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Figure 3 Venn diagram of the biological processes of differential proteins in five rats identified from the

methotrexate intragastric administration rat model.
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EEEE. 15 REM 5 S REMAY T
R FT A0 3R 8 J WA B 4%

1. 2. 3. 5 5 KREMEY S BERES
BT KA AR R, X 5 DA 5% rp 2 i
TE MR iR A2 1 A DG AR F 23 T304 D H R A A
1177 3 SR AT S B A A R AT A T
AR I, H B A A D) B 7 G Hh e 4
1 JAK/STAT #ifil58], 1 JAK/STAT i i 78 i
N IR B | S R R kN T R i
P R E AR . BN, RIS
y PR, AGBEAN R 6 AN E 105 H
Fz2H JAK I JAK M Z & 5527, 2 it
Ja K, V5 X2 B TR YT I RIB ST R 24
YW R TIT AR . TERATIE R, 4 5K
SRAAHSCAE Y2t Bt HH B T JAK/STAT 4k
BRI, R R B T A A X — 1R .
DA g5 SRS PR B 11 0T 28 RE AR 47l Jz ke

: 010-64807509

IRV IR T XA BRI . I, 7EARAR RO
FEH, RLSRTE H A MR iR YT 5 R 1Y PRI R H1 R
Y AE AL A SRR I 10 45 25 VR AL AT DG /Y
HEAR.

TEAR FRIMERS YIS T, RO IT 5 22
E T8 5 S M A DAy S 32 300 ) 590 ) Ik T g 2
AR 8 7 A AN R S, ik — 25 5 AT
LA R S5 e o A ] A8 A i 0™ A AN TR S
W5 ) JE T o X5 ] B RIS A T S A o M
I AN () 2 T 18y o N 5 g AR AR B e g T 2 5
%o PRWBCE A BT S8l KA [/ AN RE R 22 572
TEAR R W58 AT L% B8R PR L SR S )
PEN XTI T He o
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