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Serum proteomics and machine learning unveil new diagnostic
biomarkers for tuberculosis in adolescents and young adults

CHEN Yu'*, XU Hongxiang?*, TIAN Yao', HE Qian’, ZHAO Xiaoyun*, ZHANG Guobin®,
XIE Jianping?*

1 Department of Tuberculosis, China Shenyang the Tenth People’s Hospital (China Shenyang Chest Hospital),
Shenyang 110044, Liaoning, China

2 Institute of Modern Biomedical Research, School of Life Sciences, Southwest University, Chongqing 400715, China

3 School of Public Health, China Medical University, Shenyang 110044, Liaoning, China

4 School of Life Science and Biopharmaceutics, Shenyang Pharmaceutical University, Shenyang 110016,
Liaoning, China

5 Shenyang Disease Control Center, Shenyang 110623, Liaoning, China

Abstract: Adolescents and young adults (AY As) are one of the major populations susceptible to
tuberculosis. However, little is known about the unique characteristics and diagnostic biomarkers
of tuberculosis in this population. In this study, 81 AYAs were recruited, and the high-quality
serum proteome of the AY As with tuberculosis was profiled by quantitative proteomics. The data
of serum proteomics indicated that the relative abundance of hemoglobin and apolipoprotein was
significantly reduced in the patients with active tuberculosis (ATB). The pathway enrichment
analysis showed that the downregulated proteins in the ATB group were mainly involved in the
antioxidant and cell detoxification pathways, indicating extensive oxidative stress damage.
Random forest (RF) and extreme gradient boosting (XGBoost) were employed to evaluate protein
importance, which yielded a set of candidate proteins that can distinguish between ATB and
non-ATB. The analysis with the support vector machine algorithm (recursive feature elimination)
suggested that the combination of apolipoprotein A-I (APOA1), hemoglobin subunit beta (HBB),
and hemoglobin subunit alpha-1 (HBAT1) had the highest accuracy and sensitivity in diagnosing
ATB. Meanwhile, the levels of hemoglobin (HGB) and albumin (ALB) can be used as blood
biochemical indicators to evaluate changes in the protein levels of APOA1 and HBB. This study
established the serum proteome landscape of AYAs with tuberculosis and identified new
biomarkers for the diagnosis of tuberculosis in this population.
Keywords: tuberculosis; serum proteomics; machine learning;
apolipoprotein
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*1 FRAEAOGRHZERMBE LIS

Table 1 Demographics and blood biochemical indicators of participants

Item LTBI ATB FDR
Participants (n) 21 30 -
Age [Median, (min—max)] 18, 15-23 18, 13-24 NS
Male (n, %) 13 (61.90%) 9 (30.00%) 0.048
Blood sugar (mmol/L) 5.18+0.52 5.20+0.58 NS
White blood cells (x10°/L) 9.25+12.59 7.17£2.23 NS
Neutrophils (%) 60.19+11.24 65.24+11.28 NS
Lymphocytes (x10%/L) 2 057.86+508.14 1 894.53+700.35 NS
Lymphocytes (%) 26.67+£9.19 23.32+9.90 NS
Hemoglobin (g/L) 139.48+19.01 121.87+15.52 0.026
Platelets (x10°/L) 278.00+79.32 303.00+66.36 NS
Glutathione aminotransferase (U/L) 18.19+3.91 19.10+7.29 NS
Alanine aminotransferase (U/L) 15.10+£9.49 15.33+£9.33 NS
Albumin (g/L) 44.32+3.95 40.79+4.28 0.043
Total bilirubin (pmol/L) 9.09+5.20 7.82+3.19 NS
Direct bilirubin (umol/L) 3.98+2.35 3.69+2.05 NS

T cells, CD3*/CD45"* (x10%L) 1 413.62+434.95 1 345.33+520.09 NS

T cells (%) 68.14+7.8 70.93+8.44 NS
Helper T cells (x10%/L) 777.33+£211.75 710.17+£347.77 NS
Helper T cells (%) 37.76+5.69 37.3349.07 NS
Inhibitory T cells (x10%L) 553.57+189.61 557.17+£225.85 NS
Inhibitory T cells (%) 26.76+5.23 29.47+7.14 NS

B cells (x109/L) 338.81+176.57 322.374+243.36 NS

B cells (%) 16.57+£7.59 16.40+7.48 NS
Natural killer cells (x10%/L) 251.05+157.93 151.23+72.47 NS
Natural killer cells (%) 12.29+7.32 8.87+5.07 NS

NS: No significant difference.
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# T HT STRING 54 2 i 25 11 HAE N8 (18 2),
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Figure 1 Serum proteomic characteristics of ATB were different from LTBI or HC. A: The number of
proteins identified in each group; B: Principal component analysis of serum proteome; C: Volcano plot of
differential protein.
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Figure 2 Differential protein interactions network. A: Significant difference in proteins between the ATB

and the HC group; B: Significant difference in proteins between the ATB group and the LTBI group. The size
of node is determined by the number of connections between the node and others.
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Figure 3 Differential protein GO enrichment analysis. Significant enriched pathways based on biological
processes (A), molecular functions (B), and cellular components (C).
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Figure 4 Machine learning identification of tuberculosis serum protein diagnostic biomarkers. A: The
optimal combination of serum protein diagnostic markers for tuberculosis was identified based on SVM-RFE
algorithm. B: The relative abundance of selected proteins was significantly downregulated in the ATB group.
**k%: P<0.001; ****: P<0.000 1. C: ROC curve analysis for predicting AYA-ATB based on three proteins. D:
Spearman correlation analysis between selected proteins and clinical blood indicators. *: P<0.05; **: P<0.01.
E: External data confirmed that the selected protein was down regulated in serum protein of tuberculosis

patients. F: ROC curve analysis for predicting tuberculosis in an external cohort of tuberculosis patients
based on the three proteins.
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Figure 5 The mRNA level of APOAL1 in the single cell transcriptome of PBMC from tuberculosis patients is

extremely low.
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