Engineering X(2023)

S. Yu, Y. Ding, X. Wang et al./Engineering x(2023)

Intratumoral Bacteria Dysbiosis Is Associated with Human Papillary Thyroid Cancer and Correlated with Oncogenic Signaling Pathways
Shuang Yu a,#, Yanqiang Ding b,#, Xuejie Wang a,#, Siu Kin Ng b, Siting Cao a, Weixin Liu b, Zhuming Guo c, Yubin Xie d, Shubin Hong a, Lixia Xu e,f, Xiaoxing Li e, Jie Li g, Weiming Lv g, Sui Peng d,e, Yanbing Li a, Joseph JY Sung e,h, Jun Yu b,e,*, Haipeng Xiao a,*
a Department of Endocrinology, The First Affiliated Hospital of Sun Yat-Sen University, Guangzhou 510080, China
b Institute of Digestive Disease and Department of Medicine and Therapeutics, State Key Laboratory of Digestive Disease, The Chinese University of Hong Kong, Hong Kong 999077, China
c Department of Head and Neck Surgery, Sun Yat-Sen University Cancer Center, Guangzhou 510060, China
d Clinical Trials Unit, The First Affiliated Hospital of Sun Yat-Sen University, Guangzhou 510080, China
e Institute of Precision Medicine, The First Affiliated Hospital of Sun Yat-Sen University, Guangzhou 510080, China
f Department of Oncology, The First Affiliated Hospital of Sun Yat-Sen University, Guangzhou 510080, China
g Department of Breast and Thyroid Surgery, The First Affiliated Hospital of Sun Yat-Sen University, Guangzhou 510080, China
h Lee Kong Chian School of Medicine, Nanyang Technology University, Singapore 308232, Singapore
[image: 1]





Table S1 
Clinical and Demographic Characteristics of Patients
	Characteristics
	PTC
	BTN

	Subjects
	202
	62

	Age (years)
	37.08 ± 9.65*
	44.74 ± 12.01*

	Gender 
	
	

	      Male
	49
	19

	      Female
	153
	43

	Tumor diameter (cm)
	
	

	      ≤ 1
	53
	··

	      > 1
	149
	··

	Lymph node metastasis
	
	

	      Yes
	67
	··

	      No
	135
	··

	Extrathyroidal invasion
	
	

	      Yes
	128
	··

	      No
	74
	··

	TNM
	
	

	      I, II
	197
	··

	      III, IV
	5
	··

	With HT
	65
	··

	[bookmark: OLE_LINK4]      TPO-Ab (IU·mL–1, mean ± SD)
	207.61 ± 241.42
	··

	      TPO-Ab > 35 IU·mL–1 (P/N, P %)
	52/65 (80%)
	··

	      TG-Ab (IU·mL–1, mean ± SD)
	368.31 ± 821.43
	··

	      TG-Ab > 20 IU·mL–1 (P/N, P %）
	41/65 (63.1%)
	··


Age, TPO-Ab, and TG-Ab were presented as mean ± SD. Wilcoxon rank-sum test was used in comparison of age and gender between each group. PTC group was compared with BTN group, * P < 0.05 in average age by Wilcoxon rank-sum test was found. No difference in gender were found in PTC vs BTN. 
P/N: positive/negative ratio; ··: not applicable.
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Supplementary Figure 4. The correlation network of PTC-T and BTN-T. (a) Correlation network of overall bacteria
in PTC-T and BTN-T. Significant (P < 0.05) co-occurrence and co-excluding interaction with strengths of at least 0.4
were selected for visualization. (b) Cumulative distribution functions comparing the differences in taxonomic occurrences
between groups. Left, positive correlations; right, negative correlations. * P < 0.05; ** P < 0.01; *** P < 0.001.
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Supplementary Figure 5. The differential functional potentials of the microbial communities in
PTC-T and BTN-T. PTC-T, PTC tumor tissues; BTN-T, BTN nodule tissues.
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Supplementary Figure 6. Microbial diversity and the intratumor microbiome is associated with HT in PTC. (a) Alpha
diversity and (b) Beta diversity analysis between PTC-HT and PTC-nHT. (c) Redundancy analysis (RDA) was used to evaluate
the importance of clinical traits (gender, age, carcinoma size, PTMC, and LNMC) on the microbial communities in PTC with HT
(PTC-HT) and PTC without HT (PTC-nHT) tissues. Association was found for PTMC. (d) Influence of PTMC on PTC-HT and
PTC-nHT evaluated by Bray-Curtis distance. (¢) Heatmap showing the relative fold change of the differentially abundant bacteria
genera of PTC-HT compared to PTC-nHT. (f) Correlation network of enriched and depleted bacteria in PTC-HT and PTC-nHT.
Significant (P < 0.05) co-occurrence and co-excluding interaction with strengths of at least 0.1 were selected for visualization.
HT, Hashimoto's thyroiditis; LNMC, lymph node metastatic carcinoma; PTC, papillary thyroid cancer; PTMC, papillary thyroid
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Supplementary Figure 7. Microbiome ecology pattern in PTC-HT and PTC-nHT. (a)
Receiver operating characteristic (ROC) analysis based on differentially abundant bacteria for
discriminating PTC-HT from PTC-nHT. (b) The differential functional potentials of the
microbial communities in PTC-HT and PTC-nHT. HT, Hashimoto's thyroiditis; PTC, papillary
thyroid cancer; PTC-HT, PTC with HT; PTC-nHT, PTC without HT.
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Supplementary Figure 8. Correlation of differential abundances genera and clinical
indices parameters. Spearman correlation of differential abundant bacteria Ralstonia (a) and
Stenotrophomonas (b) with clinical indices parameters (TPO-Ab and Tg-Ab) for HT.
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Supplementary Figure 9. Differential genes associated with tissue
microbiome dysbiosis in PTC and BTN. Heatmap showed PTC-T and
BTN-T was clearly distinguished by the expression of differential genes.
BTN, benign thyroid nodules; BTN-T, BTN nodule tissues; PTC, papillary
thyroid cancer; PTC-T, PTC tumor tissues.
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Supplementary Figure 1. The overall workflow and quality control. (a) Schematic representation of the overall
workflow and analysis for 16S rRNA gene sequencing and Transcriptome sequencing. (b) Mean quality Scores of the

16S rRNA gene sequencing data for quality control.
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‘Supplementary Figure 2. The diversity analysis between PTC and BTN, (a-f) The influence of different clinical
parameters (different age groups, gender, tmor size, extrathyroidal invasion, lymph node metastasis, TNM staging) on the
microbial communities was evaluated by the Shannon entropy index. Beta diversity analysis in (2) PTC twmor tissue and
adjacent tissue and (h) BTN nodule tissue and adjacent tissue. No Significance was found among these (o groups.
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Supplementary Figure 3
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pplementary Figure 3. Specificity of bacterial 165 rRNA probe EUB338. 165 rRNA FISH were carried out for PTC and BTN tissues,

with the pan-bacteria EUB338 probe and a non-specific complement control probe (materials and methods), to validate the specificity of the
probes used in the study. Scale bars represent 20um.





