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Supplementary Figure S1. The principal component analysis (PCA) of IEC, CCPT, tumor
budding, and their surrounding stromal components.
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Supplementary Figure S2. Receiver operating characteristic (ROC) curve analysis.
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Supplementary Figure S2. ROC curve analysis. ROC curve analysis was used to determine the best
cutoff expression value of five candidate genes for distinguishing the high and low expression of BGN,
LGALS1, MMP1, SERPINB5 and TM4SF4. AUC represents the Area under roc Curve. The cutoff was
specified from the ROC curve using the optimal intersection of specificity and sensitivity. (A) ROC
curve for BGN. (B) ROC curve for LGALS1. (C) ROC curve for MMP1. (D) ROC curve for SERPINB5.

(E) ROC curve for TM4SF4.
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Supplementary Figure S3.
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Supplementary Figure S3. Kaplan-Meier analysis using datasets from The Cancer Genome Atlas
(TCGA). (A) Survival analysis for the CRC patient specimens (n = 361). The patients with higher
expression of BGN had poorer survival (P = 0.001). (B) Survival analysis for the CRC patient
specimens (n = 361). The patients with higher expression of LGALS1 had poorer survival (P = 0.029).
(C) Survival analysis for the CRC patient specimens (n = 361). Prognostic analysis using CRC cohort
from TCGA showed no prognostic significance of MMP1 (P = 0.716). (D) Survival analysis for the
CRC patient specimens (n = 361). Prognostic analysis using CRC cohort from TCGA showed no
prognostic significance of SERPINB5 (P = 0.084). (E), Survival analysis for the CRC patient
specimens (n = 361). Kaplan-Meier analysis demonstrated a significantly decreased survival
probability in patients with higher TM4SF4 levels (P = 0.001, log-rank test)



Supplementary Table S1. Specific gene sets of tumor budding

brown green magenta pink purple
AASS AICF ANKRD36BP2 ADH18 CENPF
ABHDS5 ACOX1 ARHGEF9 BCAS1 CMAH
ACTA2 AHNAK2 BRI3BP BTBDI19 DIO2
ACTC1 AKAP12 Cc60rf89 C6orf136 ETFDH
ADCK1 ALPK1 CHDH CCNF FNDC1
AGFG2 APIM1 COL8A1 cD47 GOLGA2B
AKAP2 APOL6 CTSK cDC42 GPR171
ANKRD6 ATPAF1 FAM498 cPM GRIN2C
AOC3 cip GABI1 CTNNB1 HECW1
ARHGAPS C2orf15 HISTIH1D CXCL1 HOXD3
ARMCX2 C5AR1 IGLV1-44 DDR2 I8
ASPN CA12 ITM2C FBLNI ITGB1
ATPI10A CA4 IWs1 FBN2 KIAA1267
BASP1 CARD16 LTBP2 GGTLCI KRT17
BMP7 CASP4 MRPL35 GNG2 LDHD
Cl4orf182 CD274 MRPL37 GPC6 LGR4
C170rf90 CDX1 NEDD9 HMCN1 METTL8
Clorf175 cDX2 NR4A2 KIAA1549 MITF
C2orf74 CEACAM7 NUDT16 LIX1L MRPL43
C3orf14 CFH PKIB MED28 NEDDA4L
C50rf4 CLINTI PREX1 MEF2C PBRM1
C80rf39 CMAS PRRIS5L MVP PPID
CASDI COL10A1 PRRX1 MYO1A axl
CAVI COL12A1 RAB31 NAVI RAB15
CAV2 COL15A1 RFC2 OLFML2B RRAS2
CBLB COL3A1 RNF198 05BP2 SCFD2
ccL28 cP RORA PCDH7 SUV39H2
CDHRS5 CYP286 sbc2 PLAC8 TBXA2R
CDKNIC CYR61 SLC23A1 SCARAS TSPAN7
CHD2 DACT1 SLC4A4 SIDT1 VPs53
"PC1_var > 0.90;density > 0.70

Supplementary Table S2. The biological process enrichment analysis on five gene sets of tumor
budding

Biological Process Gene Count Pvalue
IGO:0040012~regulation of locomotion 14 5.29E-10
IGO:0007155~cell adhesion 23 1.09€-09
IGO:0022610~biological adhesion 23 1.12E-09
IGO:0030334~regulation of cell migration 13 1.49E-09
IGO:0006928~cell motion 19 2.54E-09
IGO:0016477~cell migration 15 4.73E-09
IGO:0051270~regulation of cell motion 13 6.76E-09
IGO:0042127~regulation of cell proliferation 23 9.51E-09
IGO:0048870~cell motility 15 1.83E-08
IGO:0051674~localization of cell 15 1.83E-08
IGO:0045944~positive regulation of transcription from RNA polymerase Il promoter 16 2.71E-08
IGO:0048545~response to steroid hormone stimulus 12 6.98E-08
IGO:0007167~enzyme linked receptor protein signaling pathway 15 7.08E-08
IGO:0009611~response to wounding 18 8.62E-08
IGO:0009967~positive regulation of signal transduction 14 9.25E-08




Supplementary Table S3. KEGG pathway enrichment analysis on five gene sets of tumor

budding

KEGG Pathway Genes Count Pvalue
hsa04510:Focal adhesion 18 5.44E-10
hsa05200:Pathways in cancer 18 0.000000837
hsa04512:ECM-receptor interaction 9 0.0000131
hsa04350:TGF-beta signaling pathway 9 0.000017
hsa04520:Adherens junction 8 0.0000641
hsa05410:Hypertrophic cardiomyopathy (HCM) 8 0.000121
hsa04060:Cytokine-cytokine receptor interaction 12 0.000613
hsa05414:Dilated cardiomyopathy 7 0.00132273
hsa04514:Cell adhesion molecules (CAMs) 8 0.001757289
hsa04810:Regulation of actin cytoskeleton 10 0.002047359
hsa04144:Endocytosis 9 0.002906619
lhsa05219:Bladder cancer 4 0.018104546
hsa05412:Arrhythmogenic right ventricular cardiomyopathy (ARVC) 5 0.018247224
hsa04640:Hematopoietic cell lineage 5 0.027359219
lhsa04530:Tight junction 6 0.032694744
hsa05130:Pathogenic Escherichia coli infection 4 0.040074624
hsa04621:NOD-like receptor signaling pathway 4 0.049433604

Supplementary Table S4. Sequence-specific probes constructed for the analysis of 268 genes

using nCounter system.
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Supplementary Table S5. Clinical data of CRC specimens.

BGN LGALS1 MMP1 SERPINB5 TM4SF4
(n=59) (n=47) (n=65) (n=82) (n=86)
sex
male 31(52.5) 25(53.2) 37(56.9) 42(51.2) 39(45.3)
female 28(47.5) 22(46.8) 28(43.1) 40(48.8) 47(54.7)
age(years)
<60 21(35.6) 17(36.2) 16(24.6) 24(29.3) 27(31.4)
=60 38(64.4) 30(63.8) 49(75.4) 58(70.7) 59(68.6)
median 63 63 64 67 66
overall survival status
alive 43(72.9) 34(72.3) 45(69.2) 61(74.4) 64(74.4)
die 16(27.1) 13(27.7) 20(30.8) 21(25.6) 22(25.6)
distant metastasis
negative 51(86.4) 37(78.7) 53(81.5) 70(85.4) 72(83.7)
positive 8(13.6) 10(21.3) 12(18.5) 12(14.6) 14(16.3)

Supplementary Table S6. The primer sequences for RT-PCR.

genes sense antisense

BGN CAAGGTGCCCAAGGGAGTGTT CATTCAGGGTCTCAGGGAGGTCT
LGALS1 CCATCTCTCTCGGGTGGAGTCTT TTGTTGCTGTCTTTGCCCAGGTT
MMP1 GGCTGAAAGTGACTGGGAAAC CTTGGCAAATCTGGCGTGTAA
SERPINBS GGTCTTTGTGCTCCTCGCTT CACTGGTTTGGTGTCTGTCTTG
TM4SF4 AGCGATTTGCGATGTTCACC CGGAGGTTTAAACGGGTCCA
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA




