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DNZFa OB NE MBS, WK 53 79 2 HEAE Y 2R
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L4 mL JRFEE2MES, 4 °C. 12 000>y &0
30 min R0 B IE NN 3 M5 AR TR 4,
4oCIE I PTHE; F 12 000>y 20> 30 min 7 L. UliE
PLZLAR(8 mol/L JRZE . 2 mol/L Hiflk. 25 mmol/L
DTT. 50 mmol/L Tris) &3 Bradford & &. K FE M
hn# A 10 kDa #&@IEME, MKIXLL UA 223 (8 mol/L R
% . 0.1 mol/L Tris-HCI, pH 8.5) f1 25 mmol/L
NH/HCOs%E%5; I 20 mmol/L DTT, 37 °CA8HE: 1 h;
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NHHCOs % BE ¥ I UK. 0N ot % 2% Jig 25 1 1 (12.5
ng/uL), 37 °CiHAk 18 h; C18 /MEMiEh, FL&5T U4,
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KB E T 0.1%H R /K (A #H), £ Vanquish Neo
UHPLC B£H] Orbitrap Astral Ji i 34T K4, EREAEFA
0.4 uL; Zr#rk: AUR3-5075C18(5 cm x 75 um i.d, 1.7
um TonOpticks). XM 8 min B : B #H 4%ifc4h, 6.6
min F+ % 45%, 0.2 min % 99%, 4E¥F 1.2 min; i 2
400 nL/min, #EJR 55 °C; ESI 1IE 2T 2 kV. DIA K4:
MS1 m/z 380-980, 7 #% 240 000, Normalized AGC
500%, R AEAIE] 5 ms; MS2 SR FH A B 25 i 11,
Normalized AGC 400%, # KiEAR[E 3 ms, HCD fill:
e 36%.
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A i 5 5 5 PR B I A AR HE ) A5 2 . FDR(Q-value)
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FC>1.5 H P<0.05 N % 7 ¥l brifE.
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xR — %] 8 F HIAE AMS 2415 NAMS 4[] 34T
A #5847 Shapiro-Wilk [EZSPERIG, AN 2 IE
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N 10 pg. & 14 SDS-PAGE 43 i Jf- #4 i & PVDF i,
155 FH 5%t f5 W3 (TBST BCH) IR E I 2 h. T 4 °C
A=V EER, WHFEEMANMN _FiFE 1
h. 25 5 R A ik 2 ROt BRIl %, A
Imaged Pl & 2% 5 Ak BE AR IF 1 R 15 5.
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N VE Al BT B AR 7E B S AT AU 9 A 3 b i el
Y, RBEFRAERKIBNINZ A5, FATIN 5 F1HTIEE R
KRS 2R M ST B0 AE BEA %34 %2R & ERE
ARSI 5 A B ) G B S5 R 2 5 2 S B R | (IR R
T B oA e B e, H AMS 455
565 1 2 B 58 ST 0 40 BT N SRR . b 1 i A
FIUEE AN B S RANAEWRTIEME, 4 BIHT
MSLN F45 5 77 52 (10 i BE PR 50 0E.
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T 49: 48 B 1E A3 LA Shapiro-Wilk #6536 vFf5; P4
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14 )y q<0.05(K% IF J5 )8k P<0.05. it 5 A] MALTE
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IR 30-45min. &EJE 4-5 Ik, ik id BEE ST, Ak
fe R o), ATEAN I H IR 11 R ER. Ik
HA IR fr 0 26 fl i 2 B F IR S 3. ISR R
FH I & Th Z A48 O 2 PPk (B 1B)AYE 100 W Rl
IR ODEREE TR, P = 1.2X107; B4 JLHEAE 60 W
T 5 T8 5 11 bpm. XEMIIGAEBERT T H A
BEMABEACE. WM 5-7 RIAMRERIE, &A
2-3 Ik, ARG R BT 44 1.
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Figure 1 Study workflow and aerobic training effects. A: Overview of the study design; B: Changes in steady-state heart rate be-

fore and after aerobic training at fixed workloads. Adults were measured at 100 W power output and children at 60 W. Heart rate

(bpm) is shown on the y-axis, and pre- and post-training measurements on the x-axis.
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Table 1 Baseline characteristics of 15 subjects

AMS(n=8) NAMS(n=7) P-value
4 551
5 5 4
Eeq 3 3
JLH# (<18 ¥) 1 1
A8 %) 7 6
W ()
oL 26.5 29.43 0.595
A (FrUN NS ON | 26.00[8, 37] 32.00[9,42]
B =(cm)
B 162.38 170.29 0.274
A (FrUN ENE ON | 163.50[138,178] 175.00[156,193]
17 5 (kg)
MY 57.63 63.57 0.515
BRI BORH] 53.50[42.5,87.5] 70.00[36,90]
BMI
B 21.66 21.79 0.935
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2 T O 2 1) L R 3 ST AE AT L AR R FE 2 b
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3945-5931), NAMS 4 H {7 %5 2N 4863( U [
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AMS ZH )% B . it — 0 R R AR A
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B ) 4 A (B 2B). NAMS 4 84k 43 1 S 3% 45 7%
(P=0.00388) , f&/nHAE S HET T/ DM Em+ELE
F; fEARE AR, 15 BT RS B B B
R E, AT AR L 2 5 2% H Hing /b

KA direct-DIA AR HAE KBS & A Z %
JE 1% FDR J5, RilHL%5E 6719 18 H. LAFC]>1.5

H P<0.05(AMS vs NAMS) NI {E, fif3 255 1 713
A, Hod B 540 A~ R 173 AN(E 2C). X ERE
AT XA 2 IR (E 2D))E, fE M 4 AR
Yo A SRR AR, b — D X 4 B 3Rk 4 B S it M
e/ T3 FI ) 4> Hr (Partial Least Squares Discriminant
Analysis, PLS-DA)(& 2E), W40 & 7E15 % %5 18] 1 i
Mo 5, B E E A A AR R R

N VP AG A4 e I sk B2 6T o3 28 ) S B s, FRATT
¥ T8 — 32 5 1A [F)38 BB B 3k 15 16 IR AR 9 N TR —
PLS-DA B2 (& 2F). [Al— N2 R e T AE
T 2H P Y B, oA L 1 5k R 1 %o 4L A A% 1
s, SR E A RAA RS A ARGk, i
—BHh, AMS 415 NAMS A58 1 4 )LEAME(E
2G), HAEMLRY A (47 B 5500 B A — 8, $RoR)LE
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Top 10%F & &7 bb, AR, HEmE 7 B 5% 5t 2k, C: AMS vs NAMS 2 & 8 FUR A A K L B D 22 R
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Figure 2 Detection depth, abundance distribution, and classification of urinary proteins in AMS and NAMS groups. A: Number
of proteins identified per sample. The x-axis represents the number of protein entries identified in each sample, with false discov-
ery rate controlled at 1% at both peptide and protein levels; B: Group-wise distribution of urinary proteome abundance structure.
The x-axis shows the proportion of the top 10% abundant proteins, the y-axis represents probability density, with overlaid histo-
gram and kernel density curves; C: Volcano plot showing differentially expressed proteins between AMS and NAMS groups; D:
Unsupervised bidirectional hierarchical clustering heatmap of differential proteins; E: PLS-DA score plot; F: PLS-DA plot anno-
tated with samples from the same participants at different time points during training; arrows indicate temporal progression; G:
PLS-DA plot highlighting samples from child participants.
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AMS A% NAMS 2 235 R 5 /N PR E
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Figure 3 Functional enrichment analysis of differentially expressed proteins between the AMS and NAMS groups. A: Gene
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Ontology(GO) enrichment of the differentially expressed proteins, highlighting representative terms from the Biological Pro-
cess(BP), Molecular Function(MF), and Cellular Component(CC) ontologies together with their —log10(P-value); B: Kyoto En-
cyclopedia of Genes and Genomes(KEGG) pathway enrichment of the differential proteins, showing significant pathways and

their —log10(P-value)
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BT IR ZFEIZ BB LR &, K
TR H B X 2 SRS A ok 128 72 St £ 3 v 9 T
XF, THEL R REAS Y BRSO R R B AL
FEPR, AEIEINREAH . X T E 2 BB H
S W 7E TE AR T N S 10 1 B P T A5 B A g 4 R 1,
Shapiro-Wilk #4647~ 2 BAAN R IER 7046, Ptk
A LL R FH Mann-Whitney U 36, K BT A ] il %
HEF Rk, JHLL P EHZH EEEREE 4A),
LA E R, ALl Mesothelin(MSLN) A — b
FRI X fe B .

e WEE SR EE, AR YRR
H X # 47 & 2~ ¢ Immunoglobulin  lambda variable
1-40(IGLV1-40)-MSLN. RNA-binding motif protein
39(RBM39)-MSLN . Leukocyte immunoglobulin-like
receptor subfamily A member 2(LILRA2)-MSLN, UA
J MSLN-ADAMTS-like protein 5(ADAMTSLS5). 1T

Y P Loy e RAF(E 4B-D). AT MLEAE BN

1 BIRTHEE R A A, HER 4B FIE 4C 1 5
NAMS #% = B S; K 4D Hyk AL T il
PR 53 5 BEBEAR, AFZAEASAE AH B 52X AR R IR 5 T
BB AN NAMS 20, FIRIx— ) 5 25 5
BAT A T A8 = A, BIRT R 52 R E
P BT TE B3 AMS FEIR. 1% 2R3 B IS 7E 20 /N
PSR 3200 m 5 TiiiEtk 5025 m DY ik 4R 1l K i,
HLLAS VP43 T NAMS 41, $7R A5 5 % 2K A& wi
B P T P 1.

BB DLRAN R (AT IAE 2 6] ROC il 28 (K
4E-H), PUXF ¥R I H 8 #5770 LILRA2-MSLN
) AUC A 0.965, MSLN-ADAMTSL5 >} 0.960,
RBM39-MSLN 4 0.950, IGLV1-40-MSLN >}y 0.971.
FREREFY, BETEANPASRERNKED
A7 X 5y B AT 2 W 5 A 1 etk — 2 4
K AMS 5 NAMS (P20 (A PR 55, FHReLE s 1% 5 xF
REARG G E  ATHRAE A, AT R D> &4
B ARG I TR VA I ZH A« 0 7 SRR AL T SEE AR 4R
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Figure 4  Significance heatmap, two-dimensional scatter plots, and ROC evaluation of pairwise protein A values. A: All possible
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pairs were generated from the candidate differentially expressed proteins. For each protein pair, a within-sample log-transformed
abundance difference A was calculated, and group differences in A were compared between AMS and NAMS using the
Mann-Whitney U test. A heatmap of statistical significance based on the P-value is shown; B~D: For four selected protein pairs
(IGLV1-40-MSLN, RBM39-MSLN, LILRA2-MSLN, and MSLN-ADAMTSLS5), any two pairs were used as orthogonal coor-
dinates (A1, A2) to construct two-dimensional scatter plots, into which one additional sample with unknown status was projected;

E~H: Receiver operating characteristic (ROC) curves based on the single A value of each protein pair shown in panels (B~D)
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Figure 5 Western blot validation, quantitative analysis, and ROC evaluation of urinary MSLN. A: Western blot of MSLN in
urine samples from the AMS group, the NAMS group, and four prospectively collected samples with unknown status; B: Densi-
tometric quantification of the MSLN bands shown in (A); C: Receiver operating characteristic (ROC) curve based on the quanti-
tative MSLN values in (B), evaluating the performance of MSLN as a single marker for discriminating AMS from NAMS
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Urinary proteomic biomarkers for pre-ascent predic-
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Acute mountain sickness (AMS), also known as high-altitude illness, poses a serious threat to the life safety and
task performance of individuals who rapidly ascend to high altitude, yet effective pre-ascent prediction tools
remain lacking. To achieve noninvasive risk warning before departure, we explored a urinary proteomics-based
strategy for predicting AMS susceptibility using morning urine collected during the lowland baseline period.
We enrolled 15 healthy volunteers who underwent physical training and then traveled to a high-altitude region
for mountaineering; according to the Lake Louise Score, they were classified into AMS and non-AMS groups.
Data-independent acquisition (DIA)-based urinary proteomics revealed significant differences in urinary pro-
teome composition between the two groups, and the functional pathways involving the differentially e xpressed
proteins were highly consistent with the known pathophysiological mechanisms of AMS. On this basis, we
constructed prediction models using either a two-protein self-referenced panel or a single-protein scheme, both
of which showed excellent discriminative performance, with an area under the curve (AUC) of 0.97. The study
also demonstrated that although physical training improved aerobic capacity, it did not alter susceptibility to
AMS. Prospective validation showed a high concordance between model predictions and the actual
high-altitude adaptation status of the participants. Together, these findings confirm that a pre-ascent AMS pre-
diction strategy based on the urinary proteome is highly feasible and accurate and is independent of physical
fitness, thereby laying a solid foundation for the development of low-cost, noninvasive, point-of-care screening
tools.

acute mountain sickness, urinary proteomics, early prediction, DIA



