Supplement Table 1.Baseline demographic and clinical charateristics of patients with healthy control and IPF for metabolic profiling
	Characteristic
	Healthy control(n=6)
	IPF patients(n=10)

	Age,yr,mean(SD)
	59.17(9.99)
	63.20(12.13)

	Gender,male(%)
	4(66.67）
	7(70.00)

	PaO2,mmHg,mean(SD)
	-
	72.10(9.71)

	%FVC, %, mean(SD)
	-
	75.33(13.79)

	%DLCO, %, mean(SD)
	-
	53.12(10.56)

	GAP stage(I/II/III)
	-
	6/3/1


Supplement Table 2. Metabolic substance levels detected in serum
	Compounds
	C13
	C14
	C15
	C16
	C46
	C22
	51
	73
	49
	62
	94
	16
	50
	77
	55
	1

	L-Arginine
	1.74E+04
	2.14E+04
	1.90E+04
	1.89E+04
	1.65E+04
	1.71E+04
	1.28E+04
	1.52E+04
	1.91E+04
	1.34E+04
	1.51E+04
	1.87E+04
	2.87E+04
	2.03E+04
	2.19E+04
	1.87E+04

	L-Cystine
	4.55E+03
	5.00E+03
	5.99E+03
	4.95E+03
	3.83E+03
	3.83E+03
	2.29E+03
	3.14E+03
	2.80E+03
	1.60E+03
	2.74E+03
	1.68E+03
	1.80E+03
	3.40E+03
	3.02E+03
	1.95E+03

	Beta-Leucine
	1.09E+04
	1.47E+04
	1.23E+04
	1.20E+04
	9.18E+03
	1.38E+04
	9.97E+03
	9.06E+03
	1.04E+04
	8.76E+03
	8.92E+03
	1.28E+04
	1.47E+04
	9.56E+03
	1.08E+04
	1.33E+04

	Lysine
	1.43E+04
	1.51E+04
	1.42E+04
	1.77E+04
	1.17E+04
	1.70E+04
	1.24E+04
	1.18E+04
	8.48E+03
	7.46E+03
	8.98E+03
	7.81E+03
	9.57E+03
	8.45E+03
	8.89E+03
	1.09E+04

	Ornithine
	2.93E+04
	2.93E+04
	3.17E+04
	3.30E+04
	2.48E+04
	2.85E+04
	3.93E+04
	2.87E+04
	2.60E+04
	2.51E+04
	2.95E+04
	2.56E+04
	3.56E+04
	3.08E+04
	4.10E+04
	3.42E+04

	D-Glutamine
	1.14E+04
	1.23E+04
	1.06E+04
	1.13E+04
	9.54E+03
	1.23E+04
	1.06E+04
	1.12E+04
	9.23E+03
	7.83E+03
	8.58E+03
	9.31E+03
	9.21E+03
	1.05E+04
	1.06E+04
	2.72E+03

	L-Asparagine
	6.67E+03
	1.10E+04
	8.99E+03
	1.08E+04
	9.05E+03
	1.16E+04
	4.03E+03
	5.81E+03
	3.36E+03
	3.02E+03
	3.54E+03
	3.28E+03
	1.26E+04
	1.00E+04
	1.38E+04
	1.24E+04

	Succinic acid
	1.89E+03
	3.30E+03
	2.50E+03
	2.95E+03
	2.26E+03
	2.15E+03
	4.84E+03
	2.59E+03
	2.60E+03
	3.25E+03
	4.89E+03
	2.50E+03
	3.04E+03
	4.12E+03
	3.78E+03
	3.15E+03

	L-Serine
	1.14E+04
	1.71E+04
	1.46E+04
	1.61E+04
	1.54E+04
	1.54E+04
	9.38E+03
	1.08E+04
	7.20E+03
	6.65E+03
	7.66E+03
	6.69E+03
	2.31E+04
	1.54E+04
	1.76E+04
	2.21E+04

	L-Threonine
	1.24E+04
	2.36E+04
	1.52E+04
	1.84E+04
	1.36E+04
	1.80E+04
	8.07E+03
	8.90E+03
	7.40E+03
	5.77E+03
	7.94E+03
	9.43E+03
	1.27E+04
	1.49E+04
	1.56E+04
	1.16E+04

	L-Alanine
	1.42E+04
	3.04E+04
	2.11E+04
	2.26E+04
	1.67E+04
	2.48E+04
	2.90E+04
	1.83E+04
	2.12E+04
	1.63E+04
	1.50E+04
	2.54E+04
	2.35E+04
	1.75E+04
	2.55E+04
	1.93E+04

	Adenine
	2.82E+00
	5.23E+00
	3.55E+00
	2.58E+00
	2.62E+00
	2.17E+00
	2.45E+00
	2.47E+00
	3.66E-01
	1.58E+00
	3.32E+00
	2.28E+00
	3.72E+00
	4.63E+00
	7.70E+00
	4.25E+00

	Inosine
	8.84E+01
	9.84E+01
	4.30E+02
	6.19E+01
	3.50E+02
	5.78E+01
	1.07E+02
	7.83E+00
	2.12E+00
	4.51E+00
	1.03E+01
	8.24E+00
	2.14E+03
	1.74E+02
	5.35E+01
	1.27E+01

	Phenyllactate
	1.80E+01
	3.18E+01
	1.31E+01
	1.59E+01
	9.82E+00
	1.34E+01
	4.12E+01
	3.09E+00
	2.55E+01
	7.77E+00
	3.29E+01
	6.01E+01
	2.78E+01
	2.78E+01
	6.90E+01
	5.13E+01

	Citric acid
	2.12E+03
	2.11E+03
	1.88E+03
	1.68E+03
	2.32E+03
	1.47E+03
	4.30E+03
	2.68E+03
	2.31E+03
	3.25E+03
	7.13E+03
	2.57E+03
	2.32E+03
	4.22E+03
	5.37E+03
	1.83E+03

	L-Lactate
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	1.08E+03
	1.14E+03
	6.45E+02
	3.05E+02
	1.70E+03

	ADP
	NA
	NA
	NA
	NA
	NA
	NA
	6.34E+02
	2.86E+02
	2.34E+02
	3.33E+02
	2.10E+02
	3.76E+02
	NA
	NA
	NA
	NA

	Uracil
	9.12E+01
	9.37E+01
	1.10E+02
	7.30E+01
	8.33E+01
	6.77E+01
	1.13E+02
	1.30E+02
	9.85E+01
	1.10E+02
	3.55E+02
	8.84E+01
	9.46E+01
	1.30E+02
	1.35E+02
	7.30E+01

	Guanosine
	1.32E+01
	1.19E+01
	4.45E+01
	8.20E+00
	1.91E+01
	1.06E+01
	1.07E+01
	2.13E-01
	1.07E+01
	1.07E+01
	1.07E+01
	1.07E+01
	1.55E+01
	2.31E+01
	3.23E+00
	7.65E-01

	Alpha-Ketoglutaric acid
	3.84E+03
	3.17E+03
	7.32E+03
	3.36E+03
	2.28E+03
	3.01E+03
	4.77E+03
	4.26E+03
	2.88E+03
	4.31E+03
	1.05E+04
	5.36E+03
	3.15E+03
	2.06E+03
	3.86E+03
	1.45E+04

	L-Glutamate
	3.68E+04
	5.95E+04
	5.89E+04
	3.76E+04
	2.81E+04
	4.37E+04
	3.93E+04
	4.01E+04
	4.12E+04
	3.57E+04
	4.37E+04
	4.94E+04
	8.86E+04
	3.79E+04
	7.12E+04
	1.50E+05

	L-Tyrosine
	1.24E+04
	2.45E+04
	2.02E+04
	1.89E+04
	1.35E+04
	1.76E+04
	2.56E+04
	1.57E+04
	1.43E+04
	1.37E+04
	2.13E+04
	2.80E+04
	1.91E+04
	2.04E+04
	1.27E+04
	2.29E+04

	D-Glucose 6-phosphate
	6.55E+00
	7.47E+00
	3.67E+00
	5.23E+00
	7.48E+00
	8.58E+00
	2.11E+01
	3.23E+00
	8.61E+00
	5.79E+00
	4.72E+00
	5.95E+00
	1.37E+00
	3.75E+00
	1.81E+00
	1.15E+00

	Fructose 1,6-bisphosphate
	4.25E+01
	4.04E+01
	3.51E+01
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Glycerol 3-phosphate
	2.78E+02
	3.40E+02
	1.00E+02
	2.72E+02
	1.99E+02
	3.19E+02
	1.02E+02
	8.90E+01
	8.95E+01
	5.17E+01
	5.88E+01
	5.38E+01
	1.03E+02
	2.19E+02
	7.61E+01
	6.33E+01

	Phosphoenolpyruvic acid
	NA
	NA
	NA
	NA
	NA
	2.14E+01
	5.53E+01
	4.61E+01
	4.47E+01
	3.34E+01
	3.02E+01
	2.75E+01
	NA
	NA
	NA
	NA

	Pyruvic acid
	2.18E+02
	2.32E+02
	2.58E+02
	3.29E+02
	2.39E+02
	2.18E+02
	8.46E+02
	7.56E+02
	3.97E+02
	9.92E+02
	6.56E+02
	9.94E+02
	2.44E+02
	2.61E+02
	3.07E+02
	3.46E+02

	D-Ribulose 5-phosphate
	NA
	NA
	NA
	NA
	NA
	NA
	9.56E+01
	1.08E+02
	9.78E+01
	9.55E+01
	9.31E+01
	9.37E+01
	NA
	NA
	NA
	NA

	Dihydroxyacetone phosphate
	NA
	NA
	NA
	NA
	NA
	NA
	4.07E+02
	2.98E+02
	2.64E+02
	2.01E+02
	1.64E+02
	1.87E+02
	NA
	NA
	NA
	NA

	Isocitric acid
	3.48E+02
	2.34E+02
	2.09E+02
	1.45E+02
	1.37E+02
	1.32E+02
	8.18E+02
	3.65E+02
	4.12E+02
	4.01E+02
	8.86E+02
	2.85E+02
	2.14E+02
	3.73E+02
	3.60E+02
	1.36E+02

	AMP
	NA
	NA
	NA
	NA
	NA
	NA
	1.22E+03
	1.38E+02
	4.67E+02
	1.49E+02
	8.13E+01
	1.71E+02
	NA
	NA
	NA
	NA

	IMP
	NA
	NA
	NA
	NA
	NA
	NA
	2.10E+02
	1.26E+02
	8.03E+01
	4.52E+01
	NA
	2.28E+01
	NA
	NA
	NA
	NA

	UDP-GlcNAc
	1.07E+01
	1.27E+01
	2.06E+01
	2.48E+01
	1.16E+01
	NA
	2.67E+01
	4.86E+01
	1.42E+01
	4.59E+01
	2.43E+01
	4.00E+01
	NA
	NA
	1.19E+01
	NA

	BPG
	1.09E+02
	1.02E+02
	9.56E+01
	9.32E+01
	9.04E+01
	8.79E+01
	1.24E+02
	9.40E+01
	9.27E+01
	1.07E+02
	2.53E+02
	4.04E+02
	8.45E+01
	8.23E+01
	8.27E+01
	8.19E+01

	ATP
	NA
	NA
	NA
	NA
	NA
	NA
	2.54E+02
	3.89E+02
	1.30E+02
	3.47E+02
	4.90E+02
	5.49E+02
	NA
	NA
	NA
	NA

	2-Phospho-D-glyceric acid
	NA
	NA
	NA
	NA
	NA
	NA
	8.55E+02
	2.95E+02
	6.54E+02
	3.31E+02
	2.54E+02
	3.56E+02
	NA
	NA
	NA
	NA

	Guanosine diphosphate
	NA
	NA
	NA
	NA
	NA
	NA
	1.63E+02
	6.13E+01
	3.70E+01
	5.54E+01
	4.85E+01
	6.69E+01
	NA
	NA
	NA
	NA

	Argininosuccinic acid
	2.51E+02
	2.45E+02
	2.52E+02
	2.71E+02
	2.45E+02
	2.47E+02
	2.54E+02
	2.44E+02
	2.54E+02
	2.47E+02
	2.85E+02
	2.63E+02
	2.58E+02
	2.81E+02
	2.83E+02
	2.52E+02

	Phosphorylethanolamine
	2.90E+02
	3.13E+02
	1.72E+02
	2.63E+02
	4.72E+02
	1.95E+02
	1.06E+03
	5.16E+02
	4.74E+02
	6.55E+02
	4.46E+02
	5.21E+02
	6.12E+02
	6.12E+02
	6.12E+02
	6.12E+02

	L-Citrulline
	6.07E+03
	9.82E+03
	9.96E+03
	7.70E+03
	7.37E+03
	7.65E+03
	3.00E+03
	3.20E+03
	3.48E+03
	1.99E+03
	3.68E+03
	3.15E+03
	7.83E+03
	8.17E+03
	1.14E+04
	2.97E+03

	Fumaric acid
	5.51E+02
	6.70E+02
	6.22E+02
	6.54E+02
	6.46E+02
	5.42E+02
	7.34E+02
	4.98E+02
	4.74E+02
	5.55E+02
	8.09E+02
	5.45E+02
	5.24E+02
	5.62E+02
	7.10E+02
	5.13E+02


Supplement Table 3. Differences in metabolic substance levels
	Compounds
	Pvalue
	Fold_Change
	Log2FC
	Type

	L-Arginine
	0.993379119
	0.9992
	-0.0012
	insig

	L-Cystine
	0.000302187
	0.5208
	-0.9412
	down

	Beta-Leucine
	0.230008623
	0.8906
	-0.1672
	insig

	Lysine
	0.000512355
	0.6312
	-0.6638
	down

	Ornithine
	0.336704098
	1.0727
	0.1012
	insig

	D-Glutamine
	0.025434997
	0.8012
	-0.3198
	down

	L-Asparagine
	0.140957904
	0.7411
	-0.4323
	insig

	Succinic acid
	0.016550278
	1.3861
	0.471
	up

	L-Serine
	0.30140607
	0.843
	-0.2464
	insig

	L-Threonine
	0.007995599
	0.6068
	-0.7207
	down

	L-Alanine
	0.843940001
	0.974
	-0.038
	insig

	Adenine
	0.886864056
	1.0357
	0.0506
	insig

	Inosine
	0.754083284
	1.3923
	0.4775
	insig

	Phenyllactate
	0.034301373
	2.0372
	1.0266
	up

	Citric acid
	0.011570438
	1.865
	0.8992
	up

	L-Lactate
	-
	-
	-
	insig

	ADP
	-
	-
	-
	insig

	Uracil
	0.107672054
	1.5352
	0.6184
	insig

	Guanosine
	0.225170942
	0.4783
	-1.064
	down

	Alpha-Ketoglutaric acid
	0.245691417
	1.4543
	0.5403
	up

	L-Glutamate
	0.235189665
	1.3549
	0.4382
	insig

	L-Tyrosine
	0.542096891
	1.0865
	0.1197
	insig

	D-Glucose 6-phosphate
	0.715746696
	0.8852
	-0.1759
	insig

	Fructose 1,6-bisphosphate
	-
	-
	-
	insig

	Glycerol 3-phosphate
	0.004781014
	0.3605
	-1.4719
	down

	Phosphoenolpyruvic acid
	-
	1.8486
	0.8864
	insig

	Pyruvic acid
	0.00721999
	2.3271
	1.2185
	up

	D-Ribulose 5-phosphate
	-
	-
	-
	insig

	Dihydroxyacetone phosphate
	-
	-
	-
	insig

	Isocitric acid
	0.020013276
	2.1146
	1.0804
	up

	AMP
	-
	-
	-
	insig

	IMP
	-
	-
	-
	insig

	UDP-GlcNAc
	0.051920162
	1.8788
	0.9098
	insig

	BPG
	0.220033219
	1.4607
	0.5467
	insig

	ATP
	-
	-
	-
	insig

	2-Phospho-D-glyceric acid
	-
	-
	-
	insig

	Guanosine diphosphate
	-
	-
	-
	insig

	Argininosuccinic acid
	0.123531728
	1.0405
	0.0573
	insig

	Phosphorylethanolamine
	0.016031734
	2.1538
	1.1069
	up

	L-Citrulline
	0.015663943
	0.6041
	-0.7271
	insig

	Fumaric acid
	0.619598742
	0.9647
	-0.0518
	insig
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METHODS AND MATERIALS

Pyruvic acid assay

Pyruvic acid level in serum was quantified with the Pyruvic Acid Assay Kit (BC2205, Solarbio, China) according to the manufacturer’s instructions. Briefly, 100μl serum samples were adding to 1ml pyruvic acid extract buffer. Mixing tubes and incubating the reaction on ice for 30 minutes. Centrifuging at 8,000 × g for 10 minutes to remove insoluble material. Collecting the supernatant, adding 75 μl samples into duplicate wells of a 96-well plate. Then adding 25 μl reaction reagent 1 to each of the wells. Letting stand for 2 min and adding 125μl reaction reagent 2 to each of the wells. Mixing well and measuring the absorbance at 520 nm (A520). Concentration of pyruvic acid was calculated from the standard curve.

Citric acid assay

Citric acid level in serum was quantified with the Citric Acid Assay Kit (BC2155, Solarbio, China) according to the manufacturer’s instructions. Briefly, taking 0.1ml serum and adding 0.9ml reaction reagent 1. Mixing tubes and centrifuging at 11,000 × g for 10 minutes at 4 ℃. Collecting the supernatant, adding 20 μl samples into duplicate wells of a 96-well plate. Then adding 140 μl reaction reagent 1 to each of the wells. Then adding 20μl of reaction reagent 4 and 5 to each of the wells, respectively. Mixing well and letting stand for 30 min at room temperature, measuring the absorbance at 545 nm (A545). Concentration of citric acid was calculated by comparison with standard reagents.
A





Supplemental Figure 1 (A) The Principal Component Analysis (PCA) showed clear separation of metabolite profiles between IPF and healthy control. (B) � HYPERLINK "javascript:;" �Pyruvic� � HYPERLINK "javascript:;" �acid� levels in serum from IPF cohort and healthy controls (C) Citric acid levels in serum from IPF cohort and healthy controls.
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Supplemental Figure 2 Correlations between succinate level and the clinical parameters, such as age (A) , body mass index (BMI) (B) , arterial partial pressure of oxygen (PaO2) (C) , percent predicted forced vital capacity (%FVC) (D) , and percent predicted diffusing capacity of the lung for carbon monoxide (%DLCO)(E) were analyzed by using the Pearson correlation coefficient.
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Supplemental Figure 3 Succinate level was significantly increased in fibrotic lung tissues from IPF patients(A). Succinate levels in serum (B) and lung tissues (C) were significantly down-regulated in BLM+DMM group compared to BLM model group
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