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Figure S1. LSM family genes expression in several cancer types. Box plots display differential gene expression levels 

(Log2 TPM) of LSM family members between tumors and normal tissues from TCGA dataset. Blue boxes show normal 

samples, and red boxes indicate tumor tissues. Wilcoxon test was used to evaluate the statistical significance. * p < 0.05; 

** p < 0.01; *** p < 0.001 

 

 

 

 



 

 

Figure S2. LSMs transcription levels in different stages of breast cancer (UALCAN database). In the TCGA dataset, 

there are 114 normal samples, 183 patients at Stage 1, 615 patients at Stage 2, 247 patients at Stage 3, 20 patients at Stage 

4. Boxplots showing the relative expression levels of LSM family genes in normal samples and stage 1, 2, 3, 4 of breast 

cancer. Figures (A)-(M) depicted the expression of LSM family genes (LSM1-LSM14B) in breast cancer patients on 

individual cancer stages, respectively. Student’s t-test was conducted for statistical tests between groups. *P < 0.05; **P 

< 0.01; ***P < 0.001.  



 
 

Figure S3. LSMs DNA methylation level in patients with breast cancer versus healthy controls (UALCAN database, 

with 97 normal samples and 793 primary tumor samples). P-value <0.05 was considered statistically significant by 

applying Student’s t-test, which showed in red labels. (A)-(M) represented the comparison of methylation level 

between the normal sample and primary tumor of LSM1-LSM14B, respectively. *P < 0.05; **P < 0.01; ***P < 0.001. 

 

 

 

 



 
 
Figure S4. Representative immunohistochemistry images of LSM2, LSM3, LSM4, LSM7, LSM14b in breast cancer 

patients, which showed the normal and tumor samples (Human Protein Atlas), and IHC intensity of these genes as 

well, respectively. All the IHC images and patient information were obtained from Human Protein Atlas. 

 

 

 

 

Figure S5. LSM4 expression between normal and tumor groups (n=1222 patients from GDC database). Violin plot 

shows LSM4 expression in both normal and tumor samples. A student’s t-test was used and a p-value <0.05 was 

considered statistically significant. 
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Figure S6. Expression profiles of LSM4 in DEGs methods. The platform GPL570 from the GDC dataset consists of 1222 

samples of breast cancer patients and 18217 genome data in the form of genes was obtained to plot the Heatmap of top 

60 genes based on log2foldchange values. P-values <0.05 and log2FC > 1.5 were set as threshold. 

 

 



 

Figure S7. DNA methylation clustered expression of LSM4 (TCGA dataset). Blue bars indicate low expression, while 

red bars mean high expression. The different color side boxes denoted ethnicity, race, age, event, Relation to UCSC 

CpG island and  UCSC RefGene Group. DNA methylation status was represented as β-values (ranging from 0 to 1). 
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Figure S8. Functional enrichment analysis with gene ontology (GO) terms and KEGG of differentially expressed genes (DEGs). 

(A-C) Chord diagrams for biological processes, cellular components, and molecular functions, respectively. (D) KEGG terms of 

DEGs. The involved DEGs are shown on the left hand side of the chord plots. The red gene bars indicate upregulation, and blue 

ones stand for downregulation  
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Figure S9. The approach was to collect the top 10% of expression gene lists from both METABRIC (2000 genes) and Pan-

Cancer (1800 genes), then overlapping to a final genes list of 463 genes in total. The pathway list was ordered by the -log 

P-value from the genes list extracted via TCGA Pan-Cancer atlas and METABRIC breast cancer patient databases. “Cell 

cycle Spindle assembly and chromosome separation” placed on top of the pathway list when performing the “biological 

process” analysis 

 

 

 

 

 

 

 

 

 



Table S1. The basic characteristic of LSM4 gene on Oncomine database 

 

 
 
 

 

Table S2. Statistical values of LSM family genes expression base on individual cancer stages 

 

 
 

 

 

Table S3. Prognosis value of CpGs in LSM4 (MethSurv database) 

 

 
MAPINFO represents chromosome and position information; pvalue is calculated through the Wilcoxon rank-sum test 

followed by FDR (false discovery rate) adjustment for multiple corrections. 

  

 

 

 

 

 

 

 Gene Dataset group comparison fold change p-value
number of 

patients
Invasive Ductal and Invasive Lobular Breast Carcinoma vs. Normal 2,111 2.64E-43 90/234

Mucinous Breast Carcinoma vs. Normal 2,15 2.17E-23 46/190

Invasive Ductal Breast Carcinoma vs. Normal 2,31 8.25E-91 1556/1700

Breast Carcinoma vs. Normal 2,05 1.14E-08 14/158

Medullary Breast Carcinoma vs. Normal 2,391 2.61E-14 32/176

TCGA breast (n=593) Invasive Ductal Breast Carcinoma vs. Normal 2,141 1,02E-38 389/450

Richardson Breast 2 (n=47) Ductal Breast Carcinoma vs. Normal 2,283 2.51E-08 40/47

Ma breast 4 (n=66) Lobular Breast Carcinoma vs. Normal 2,045 2.66E-07 9/23

LSM4

Curtis Breast (n=2136)

LSM1 LSM2 LSM3 LSM4 LSM5 LSM6 LSM7 LSM8 LSM10 LSM11 LSM12 LSM14A LSM14B

Normal - Stage 1 2,79E-08 1,97E-12 3,33E-16 1,62E-12 2,48E-05 1,47E-09 1,62E-12 1,19E-07 1,62E-12 2,40E-01 <1E-12 2,30E-02 1,62E-12

Normal - Stage 2 2,22E-16 1,62E-12 1,62E-12 1,62E-12 1,62E-12 2,13E-09 <1E-12 1,62E-12 1,62E-12 1,78E-01 <1E-12 1,22E-03 <1E-12

Normal - Stage 3 1,00E-11 1,62E-12 1,62E-12 1,62E-12 1,68E-12 1,91E-12 <1E-12 2,73E-11 3,33E-16 2,81E-01 1,11E-16 3,18E-01 1,62E-12

Normal - Stage 4 5,03E-04 4,16E-04 1,05E-04 9,86E-07 9,04E-03 7,23E-04 1,69E-05 1,54E-03 1,79E-04 2,01E-01 2,85E-02 6,44E-01 2,26E-06

Stage 1 - Stage 2 1,48E-02 3,30E-03 2,54E-03 7,80E-03 9,28E-01 2,22E-01 3,01E-01 4,38E-02 2,92E-01 9,58E-01 8,56E-01 9,91E-01 2,60E-03

Stage 1 - Stage 3 4,48E-02 3,68E-01 5,14E-03 1,13E-01 4,19E-01 8,90E-01 2,89E-01 9,97E-01 6,04E-01 8,83E-01 4,36E-02 1,60E-01 5,26E-03

Stage 1 - Stage 4 2,90E-01 2,33E-01 7,06E-01 1,75E-01 9,62E-01 8,56E-01 2,29E-01 5,82E-01 4,86E-02 4,67E-01 7,66E-02 2,03E-01 2,78E-03

Stage 2 - Stage 3 9,49E-01 1,99E-02 5,92E-01 4,29E-01 4,99E-02 8,54E-02 8,31E-01 1,95E-02 7,63E-01 8,08E-01 6,26E-03 5,45E-02 8,31E-01

Stage 2 - Stage 4 6,95E-01 9,70E-01 2,89E-01 7,46E-01 9,97E-01 5,62E-01 4,16E-01 2,56E-02 1,92E-01 4,81E-01 8,93E-02 1,89E-01 2,84E-01

Stage 3 - Stage 4 6,90E-01 3,62E-01 2,09E-01 5,51E-01 4,58E-01 8,75E-01 4,71E-01 5,50E-01 2,27E-01 4,39E-01 3,34E-01 3,89E-01 2,40E-01

Comparison
P-value



Table S4. Gene sets enriched in high expression LSM4 

 
 

Table S5. Pathway analysis of LSM4-coexpressed genes from public breast cancer databases using the MetaCore database 

(p<0.01 set as the cutoff value) 

  

# Maps pValue Network Objects from Active 

Data 

1 Beta-catenin-dependent 

transcription regulation in 

colorectal cancer 

2,027E-06 CD44, ELAVL1 (HuR), CD44 

soluble, TCF7L2 (TCF4), MDR1, 

YAP1 (YAp65), CD44 (EXT) 

2 Cell cycle_Spindle assembly and 

chromosome separation 

1,687E-05 Aurora-B, Kid, CDC20, Tubulin 

alpha, Securin, Tubulin (in 

microtubules) 

3 GTP-XTP metabolism 2,130E-05 POLR2J, NDPK A, RRP41, RPOM, 

RRP46, RPB8, IMD1, RPA16, 

RPA39 

4 Stem cells_Aberrant Wnt 

signaling in medulloblastoma 

stem cells 

3,532E-05 CD44, DAB2, Axin1, Axin, 

TCF7L2 (TCF4) 

5 Chemotaxis_Lysophosphatidic 

acid signaling via GPCRs 

6,842E-05 LPAR2, FKHR, 4E-BP1, MEK1/2, 

Tcf(Lef), Rho GTPase, H-Ras, 

YAP1 (YAp65), G-protein gamma 

12, PRK1 



6 Mechanisms of resistance to 

EGFR inhibitors in lung cancer 

1,047E-04 HSP90, 4E-BP1, TCF8, H-Ras, 

Survivin, MEK2(MAP2K2) 

7 Development_Negative 

regulation of WNT/Beta-catenin 

signaling in the nucleus 

1,316E-04 NARF, PJA2, RUVBL2, Tcf(Lef), 

Axin, TCF7L2 (TCF4), Menin, 

Histone H1 

8 Mechanisms of drug resistance 

in multiple myeloma 

1,699E-04 CD44, MEK1/2, GCR Alpha, H-

Ras, TCF7L2 (TCF4), MDR1 

9 Cell cycle_Role of APC in cell 

cycle regulation 

1,867E-04 Tome-1, Aurora-B, Kid, CDC20, 

Securin 

10 DNA damage_ATM activation 

by DNA damage 

1,953E-04 HSP90, OBFC2B, TELO2, RecQL4, 

Histone H2AX, PP2A regulatory, 

CDK5 

11 Some pathways of EMT in 

cancer cells 

2,128E-04 JAK1, 4E-BP1, TRAF2, Axin, H-

Ras, PDGF-D 

12 Role of metalloproteases and 

heparanase in progression of 

pancreatic cancer 

2,170E-04 CD44, CD44 soluble, H-Ras, 

MEK2(MAP2K2), CD44 (EXT) 

13 Signal 

transduction_Angiotensin II/ 

AGTR1 signaling via p38, ERK 

and PI3K 

2,958E-04 ELAVL1 (HuR), FKHR, 4E-BP1, 

MEK1/2, p70 S6 kinases, RECK, H-

Ras, PDGF-D 

14 Immune response_IL-15 

signaling via MAPK and PI3K 

cascades 

3,575E-04 JAK1, FKHR, MEK1/2, TRAF2, 

p70 S6 kinases, H-Ras 

15 Mitogenic action of ErbB2 in 

breast cancer 

3,575E-04 FKHR, MEK1/2, p70 S6 kinase2, 

H-Ras, NUMB, TCF7L2 (TCF4) 

16 Role of FSH and Lutropin in 

ovarian cancer 

3,575E-04 CD44, FKHR, MEK1/2, SLIT2, 

Survivin, ITGAV 

17 CTP/UTP metabolism 4,683E-04 POLR2J, NDPK A, RRP41, RPOM, 

RRP46, RPB8, RPA16, RPA39 

18 Development_Astrocyte 

differentiation from adult stem 

cells 

5,464E-04 JAK1, CD44, MEK1/2, H-Ras, BMP 

receptor 2 

19 Cytoskeleton 

remodeling_Neurofilaments in 

axon growth and synapses 

5,555E-04 MEK1/2, BPAG1, CDK5, Tubulin 

(in microtubules) 

20 Signal transduction_WNT/Beta-

catenin signaling in tissue 

homeostasis 

6,872E-04 FKHR, Tcf(Lef), TCF7L2 (TCF4), 

Survivin, Versican 



21 Development_Positive 

regulation of WNT/Beta-catenin 

signaling at the receptor level 

7,377E-04 CD44, ELAVL1 (HuR), Rab8B, 

MEK1/2, Tcf(Lef), RECK 

22 Development_Glucocorticoid 

receptor signaling 

7,727E-04 HSP90, GCR, GCR Alpha, GCR 

Beta 

23 IGF signaling in lung cancer 8,535E-04 4E-BP1, Histone H2AX, H-Ras, 

Survivin, MEK2(MAP2K2) 

24 DNA damage_ATM/ATR 

regulation of G1/S checkpoint 

8,535E-04 ELAVL1 (HuR), Histone H2AX, 

PP2A regulatory, p70 S6 kinases, 

MEK2(MAP2K2) 

25 Cell cycle_Transition and 

termination of DNA replication 

9,011E-04 POLD reg (p50), FEN1, POLD cat 

(p125), DNA ligase I 

26 Transcription_Negative 

regulation of HIF1A function 

1,100E-03 HSP90, RUVBL2, Sirtuin7, MCM7, 

Elongin C, Elongin B 

27 Canonical Leptin pathways in 

breast cancer 

1,157E-03 MEK1/2, Tcf(Lef), Axin, H-Ras, 

Survivin 

28 Canonical Notch signaling 

pathway in colorectal cancer 

1,157E-03 CD44, 4E-BP1, NUMB, TCF7L2 

(TCF4), Survivin 

29 ATP/ITP metabolism 1,175E-03 POLR2J, NDPK A, RRP41, RPOM, 

RRP46, RPB8, RPA16, RPA39 

30 Stellate cells activation and liver 

fibrosis 

1,186E-03 DAB2, TRAF2, Tcf(Lef), TGF-beta 

receptor type II, H-Ras, 

MEK2(MAP2K2) 

31 Histone deacetylases in Prostate 

Cancer 

1,376E-03 HSP90, FKHR, Sirtuin7, Tubulin 

alpha 

32 Immune response_IL-2 

signaling via ERK, PI3K, and 

PLC-gamma 

1,476E-03 JAK1, 4E-BP1, MEK1/2, p70 S6 

kinase2, p70 S6 kinases, H-Ras 

33 Immune response_BAFF-

induced signaling 

1,677E-03 FKHR, 4E-BP1, MEK1/2, TRAF2, 

TRIM2 

34 Inflammatory factors-induced 

expression of mucins in normal 

and asthmatic epithelium 

1,677E-03 JAK1, H-Ras, SF4, 

MEK2(MAP2K2), PGES2 

35 NETosis in SLE 1,775E-03 Histone H2, Histone H2A, Pin1, 

Histone H1 

36 IL-6 signaling in breast cancer 

cells 

1,994E-03 JAK1, MEK1/2, H-Ras, MDR1, 

Survivin 



37 Translation_Translation 

regulation by Alpha-1 

adrenergic receptors 

1,994E-03 4E-BP1, p70 S6 kinase2, H-Ras, 

MEK2(MAP2K2), PRK1 

38 Cell cycle_Role of Nek in cell 

cycle regulation 

2,002E-03 Tubulin beta, Tubulin alpha, 

Histone H1, Tubulin (in 

microtubules) 

39 Cytoskeleton 

remodeling_Reverse signaling 

by Ephrin-B 

2,002E-03 Axin, H-Ras, Tubulin alpha, 

Tubulin (in microtubules) 

40 Translation_Regulation of EIF4F 

activity 

2,167E-03 4E-BP1, p70 S6 kinase2, TGF-beta 

receptor type II, H-Ras, 

MEK2(MAP2K2) 

41 Development_HGF-dependent 

inhibition of TGF-beta-induced 

EMT 

2,514E-03 TGF-beta receptor type II, H-Ras, 

MEK2(MAP2K2), PGES2 

42 Development_S1P1 receptor 

signaling via beta-arrestin 

2,514E-03 p70 S6 kinase2, p70 S6 kinases, H-

Ras, MEK2(MAP2K2) 

43 Development_CNTF receptor 

signaling 

2,514E-03 JAK1, p70 S6 kinase2, H-Ras, 

MEK2(MAP2K2) 

44 Development_Negative 

regulation of WNT/Beta-catenin 

signaling in the cytoplasm 

2,678E-03 ELAVL1 (HuR), DAB2, Tcf(Lef), 

Axin, YAP1/TAZ, YAP1 (YAp65) 

45 Androgen receptor activation 

and downstream signaling in 

Prostate cancer 

2,681E-03 JAK1, GCR, NCOA3 (pCIP/SRC3), 

H-Ras, MEK2(MAP2K2), FEN1, 

Versican 

46 Role of growth factor receptors 

transactivation by Hyaluronic 

acid / CD44 signaling in tumor 

progression 

2,802E-03 CD44, MEK1/2, H-Ras, MDR1 

47 Signal transduction_IGF-1 

receptor signaling pathway 

2,973E-03 JAK1, FKHR, 4E-BP1, MEK1/2, H-

Ras 

48 Cytoskeleton 

remodeling_Keratin filaments 

3,110E-03 Tubulin beta, BPAG1, Tubulin 

alpha, Tubulin (in microtubules) 

49 IGF-1 signaling in pancreatic 

cancer 

3,110E-03 JAK1, H-Ras, NUAK1, 

MEK2(MAP2K2) 

50 WNT signaling in gastric cancer 3,110E-03 CD44, Tcf(Lef), Axin, TCF7L2 

(TCF4) 

 


