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Supplementary Fig. S1. Conditioned medium from CAFs exposed to apoptotic cancer cells 

inhibits proliferation of cancer cells. (a-k) Cell viability assay of cancer cells, including A549 (a, 

e, g, k), HCT116 (b, f, h), LoVo (c, i), and 344SQ cells (d, j). (a-c) CAFs were exposed to apoptotic 

A549(ApoA), HCT116 (ApoH), and LoVo (ApoL) or necrotic cancer cells (NecA, NecH, and NecL) 

for 20 h. Conditioned medium from CAFs only (CAF CM), exposed to apoptotic cancer cells (ApoA-

CAF CM, ApoH-CAF CM, and ApoL-CAF CM) or necrotic cancer cells (NecA-CAF CM, NecH-CAF 

CM, and NecL-CAF CM) was treated to corresponding cancer cells for the indicated days. (d-f) CAF 

CM, ApoA-CAF CM, or ApoSQ-CAF CM was treated to different types of cancer cells, including 

344SQ cells (d), A549 cells (e), or HCT116 cells (f) for 3 days. (g-i) CAF CM or CM from apoptotic 

or necrotic cancer cells (ApoA CM, NecA CM, ApoH CM, NecH CM, ApoL CM, or NecL CM) was 

added to corresponding cancer cells for the indicated days. Apoptotic 344SQ (ApoSQ), necrotic 

344SQ (NecSQ) (j), ApoA, or NecA (k) were seeded in the upper wells of a transwell system, while 

CAFs were seeded in the lower wells and cultured for 20 h. CAF CM, ApoSQ-CAF CM, NecSQ-CAF 

CM, ApoA-CAF CM, or NecA-CAF CM was added to corresponding cancer cells for 3 days. (l) qRT-

PCR analysis of Ki67 and PCNA in A549 samples. (m) Immunoblot analysis of Ki67 and PCNA in 

A549 cell lysates. (n, p) Left: Representative images of colonies formed by A549 cells. Right: 

Quantitation of colony number formed by A549 cells. CAF CM, ApoA-CAF CM or NecA-CAF CM 

was treated to A549 cells for 3 (l, m) or 9 days (n). (o) Cell viability assay of A549 cells. CM from 

human CAFs only (hCAF CM), ApoA-hCAF CM, or NecA-hCAF CM was treated to A549 cells for 3 

(o) or 9 days (p). NS, not significant; **P < 0.01, ***P < 0.001, two-tailed Student’s t test. Data are 

from one experiment representative of three independent experiments with similar results (m; n and 

p left) or from three independent experiments (mean ± standard error; a-l and o; n and p right).  
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Supplementary Fig. S2. Conditioned medium from CAFs exposed to apoptotic A549 cells 

enhances apoptosis of A549 cells. (a, d) Left: Flow cytometry analysis after Annexin V−FICT/PI 

dual staining was employed to evaluate the cell apoptosis of A549 cells. Right: Apoptotic cells 

were quantified as the sum of the percentages of early and late stages of apoptosis. (b) 

Representative images of apoptosis in A549 cells by TUNEL assay (original magnification: x200). 

Nuclei were observed by DAPI staining. Scale bar = 100 μm. Below: Quantitation of the number of 

TUNEL−positive cells (number/HPF) in the different groups. (c) Immunoblot analysis of Bax, Bcl-2, 

Mcl-1, Bcl-xL, cleaved caspase-3, Cleaved PARP, and β-actin in A549 lysates. (a-c) A549 cells 

were treated with CAF CM, ApoA-CAF CM, or NecA-CAF CM for 1-3 days for measuring 

apoptosis by flow cytometry, 2 days for TUNEL assay, and 3 days for immunoblot assay. (d) A549 

cells were treated with hCAF CM, ApoA-hCAF CM, or NecA-hCAF CM for 3 days. NS, not 

significant; **P < 0.01, ***P < 0.001, two-tailed Student’s t test. Data are from one experiment 

representative of three independent experiments with similar results (a, b, and d left; c) or from 

three independent experiments (mean ± standard error; a, b, and d right). 
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Supplementary Fig. S3. STAT1 signaling is required for the antiproliferative and pro-

apoptotic effects in A549 dells. (a) Immunoblot analysis of the indicated proteins in A549 cells 

treated with hCAF CM, ApoA-hCAF CM, or NecA-hCAF CM for 0.5 and 2 h. (b) 

Immunofluorescence staining for phosphorylated STAT1 and p21 (Left) and quantification (right) in 

A549 cells for 2 h after treatment with hCAF CM or ApoA-hCAF CM. The imaging medium was 



VECTASHIELD fluorescence mounting medium containing DAPI. Original magnification: ×200. 

Scale bars = 20 μm. (c) Immunoblot analysis of STAT1 in A549 cells transfected with control or 

STAT1 siRNA (upper). Densitometric analysis of the relative STAT1 abundance (lower). (d) Cell 

viability assay of A549 cells. (e) qRT-PCR analysis of Ki67 and PCNA in A549 samples. (f) 

Immunoblot analysis of Ki67 and PCNA in A549 cell lysates. (g) Left: Representative images of 

colonies formed by A549 cells. Right: Quantitation of colony number formed by A549 cells. (h) 

Left: Flow cytometry analysis after Annexin V−FICT/PI dual staining was employed to evaluate the 

cell apoptosis of A549 cells. Right: Apoptotic cells were quantified as the sum of the percentages 

of early and late stages of apoptosis. (d-h) A549 cells were transfected with control or STAT1 

siRNA before treatment with CM. CAF CM, or ApoA-CAF CM was treated to A549 cells for 3 (d-f, 

h) or 9 days (g). NS, not significant; **P < 0.01, ***P < 0.001, two-tailed Student’s t test. Data are 

from one experiment representative of three independent experiments with similar results (a, f; b, 

g, and h left; c upper) or from three independent experiments (mean ± standard error: b, g, and h 

right, c lower; d, e). 
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Supplementary Fig. S4. Pharmacological inhibition of STAT1 activation reverses the 

antiproliferative and pro-apoptotic effects. Cell viability assay of 344SQ (a) and A549 cells (f). 

qRT-PCR analysis of Ki67 and PCNA in 344SQ (b) and A549 samples (g). Immunoblot analysis of 

Ki67 and PCNA in 344SQ (c) and A549 cell lysates (h). Left: Representative images of colonies 

formed by 344SQ (d) and A549 cells (i). Right: Quantitation of colony number formed by 344SQ 

and A549 cells. Left: Flow cytometry analysis after Annexin V−FICT/PI dual staining was employed 

to evaluate the cell apoptosis of 344SQ (e) and A549 cells (j). Right: Apoptotic cells were 

quantified as the sum of the percentages of early and late stages of apoptosis. (a-j) 344SQ and 

A549 cells were pretreated with the STAT1 inhibitor fludarabine (0.5 μM) before treatment with 

CM. CAF CM, ApoSQ-CAF CM or ApoA-CAF CM was treated to corresponding cancer cells for 3 

(a-c, e, f-h, j) or 8 days (d, i). NS, not significant; **P < 0.01, ***P < 0.001, two-tailed Student’s t 

test. Data are from one experiment representative of three independent experiments with similar 

results (c, h; d, e, i, and j left) or from three independent experiments (mean ± standard error: a, 

b, f, g; d, e, i, and j right). 
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Supplementary Fig. S5. Inhibition of Notch1 signaling pathway in CAFs reverses the 

antiproliferative and pro-apoptotic effects in lung cancer cells. (a) ELISA of WISP-1 in CM 

from CAFs and hCAFs exposed to apoptotic A549 (ApoA), necrotic A549 (NecA), apoptotic 

HCT116 (ApoH), necrotic HCT116 (NecH), apoptotic LoVo (ApoL), or necrotic Lovo (NecL) for 20 

h. Cell viability assay of 344SQ (b) and A549 cells (g). qRT-PCR analysis of Ki67 and PCNA in 

344SQ (c) and A549 samples (h). Immunoblot analysis of Ki67 and PCNA in 344SQ (d) and A549 

cell lysates (i). Left: Representative images of colonies formed by 344SQ (e) and A549 cells (j). 

Right: Quantitation of colony number formed by these cancer cells. Flow cytometry analysis after 

Annexin V−FICT/PI dual staining was employed to evaluate apoptosis of 344SQ (f) and A549 cells 

(k). Right: Apoptotic cells were quantified as the sum of the percentages of early and late stages of 

apoptosis. (b-k) CAFs were treated with the Notch inhibitor LY3039478 (10 μM) for 20 h, before 

exposure to ApoSQ (b-f) or ApoA (g-k). CAF CM, ApoSQ-CAF CM, or ApoA-CAF CM was added 

to corresponding lung cancer cells for 3 (b-d, f, g-i, k) or 8 days (e, j). NS, not significant; *P < 

0.05, **P < 0.01, ***P < 0.001, two-tailed Student’s t test. Data are from one experiment 

representative of three independent experiments with similar results (d, i; e, f, j, and k left) or from 

three independent experiments (mean ± standard error; a-c, g, h; e, f, j, and k right). 
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Supplementary Fig. S6. WISP-1 mediates the antiproliferative and pro-apoptotic effects in 

lung cancer cells. Cell viability assay of 344SQ (a) and A549 (f) cells. qRT-PCR analysis of Ki67 

and PCNA in 344SQ (b) and A549 (g) samples. Immunoblot analysis of Ki67 and PCNA in 344SQ 

(c) and A549 (h) cell lysates. Left: Representative images of colonies formed by 344SQ (d) A549 

(i) cells. Right: Quantitation of colony number formed by these cancer cells. Left: Flow cytometry 

analysis after Annexin V−FICT/PI dual staining was employed to evaluate the apoptosis of 344SQ 

(e) and A549 (j) cells. Right: Apoptotic cells were quantified as the sum of the percentages of early 

and late stages of apoptosis. CAF CM, ApoSQ-CAF CM, or ApoA-CAF CM was pretreated with 

neutralizing anti-WIPS-1 Ab (10 μg/ml) or isotype IgG before addition to 344SQ (a-e) and A549 (f-

j) cells. CM was added to lung cancer cells for 3 (a-c, e, f-h, j) or 8 days (d, i). NS, not significant; 

*P < 0.05, **P < 0.01, ***P < 0.001, two-tailed Student’s t test. Data are from one experiment 

representative of three independent experiments with similar results (c, h; d, e, i, and j left) or 

from three independent experiments (mean ± standard error: a, b, f, g; d, e, i, and j right). 
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Supplementary Fig. S7. rWISP-1 suppresses proliferation and promotes apoptosis in A549 

cells. (a) Cell viability assay of A549 cells. (b) qRT-PCR analysis of Ki67 and PCNA in A549 

samples. (c) Immunoblot analysis of Ki67 and PCNA in A549 cell lysates. (d) Left: Representative 

images of colonies formed by A549 cells. Right: Quantitation of colony number formed by A549 

cells. (e) Left: Flow cytometry analysis after Annexin V−FICT/PI dual staining was employed to 

evaluate the cell apoptosis of A549 cells. Right: Apoptotic cells were quantified as the sum of the 

percentages of early and late stages of apoptosis. (f) Left: Representative images of apoptosis in 

A549 cells by TUNEL assay (original magnification: x200). Nuclei were observed by DAPI staining. 

Scale bar = 20 μm. Right: Quantitation of the number of TUNEL−positive cells (number/HPF) in 

the different groups. (g) Left: Immunoblot analysis of Bax, Mcl-1, Bcl-xL, cleaved caspase-3, 

cleaved PARP, and β-actin in A549 lysates. A549 cells were treated with rWISP-1 (20, 50, and 100 

ng/ml) for 2-4 (a), 3 (b, c, g), 8 (d), 1-3 (e), or 2 days (f). NS, not significant; *P < 0.05, **P < 0.01, 

***P < 0.001, two-tailed Student’s t test. Data are from one experiment representative of three 

independent experiments with similar results (c, g; d-f left) or from three independent experiments 

(mean ± standard error: a, b; d-f right). 
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Supplementary Fig. S8. WISP-1 acts through integrin αvβ3/STAT1 signaling pathway to 

inhibit proliferation and promote apoptosis in lung cancer cells. Cell viability assay of A549 

(a, h) and 344SQ cells (f). (b, i) qRT-PCR analysis of Ki67 and PCNA in A549 samples. (c, g, j, m) 

Immunoblot analysis of the indicated proteins in A549 lysates. (d, k) Left: Representative images 

of colonies formed by A549 cells. Right: Quantitation of colony number formed by A549 cells. (e, l) 

Left: Flow cytometry analysis after Annexin V−FICT/PI dual staining was employed to evaluate the 

apoptosis of A549 cells. Right: Apoptotic cells were quantified as the sum of the percentages of 

early and late stages of apoptosis. (a-e, g) A549 cells were pretreated with an anti-integrin 

blocking antibody (3 μg/ml; anti-integrin αν or β3) or corresponding IgG isotype control for 30 min 

before treatment with 50 ng/ml rWISP-1 for the indicated time (a, g), 3 (b, c, e), or 8 days (d). (f) 

344SQ cells were pretreated with an anti-integrin blocking antibody (3 μg/ml; anti-integrin α5 or 

β5) or corresponding IgG isotype control for 30 min before treatment with 50 ng/ml rWISP-1 for the 

indicated day. (h-m) A549 cells were transfected with control or STAT1 siRNA before treatment 

with 50 ng/ml rWISP-1 for 1 h (m), 3 (h, i, j, l), or 8 days (k). NS: not significant; *P < 0.05, **P < 

0.01, ***P < 0.001, two-tailed Student’s t-test. The data are from one experiment representative of 

three independent experiments with similar results (c, g, j, m; d, e, k, and l left) or from three 

independent experiments (mean ± standard error in a, b, f, h, i; d, e, k, and l right). 
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Supplementary Fig. S9. WISP-1 signals through integrin αvβ3/STAT1 pathway to induce 

antiproliferative and pro-apoptotic effects. Immunoblot analysis of integrin αv or β3 in 344SQ 

(a) and A549 cells (e) transfected with control, integrin αv, or β3 siRNA (upper). Densitometric 



analysis of the relative integrin αv or β3 abundance (lower). Cell viability assay of 344SQ (b) and 

A549 cells (f). Left: Flow cytometry analysis after Annexin V−FICT/PI dual staining was employed 

to evaluate the apoptosis of 344SQ (c) and A549 cells (g). Right: Apoptotic cells were quantified 

as the sum of the percentages of early and late stages of apoptosis. Immunoblot analysis of 

phosphorylated/total STAT1 and β-actin in 344SQ (d) and A549 lysates (h). 344SQ (b-d), and 

A549 cells (f-h) were transfected with control, integrin αv or β3 siRNA 20 h before treatment with 

50 ng/ml rWISP-1 for 1 h (d, h) or 3 days (b, c, f, g). (i) CoIP assays of protein interaction in A549 

cells. Cell lysates were immunoprecipitated (IP) with anti-WISP-1 and then immunoblotted with 

anti-integrin αv and anti-integrin β3 antibodies. NS, not significant; **P < 0.01, ***P < 0.001, two-

tailed Student’s t test. Data are from one experiment representative of three independent 

experiments with similar results (a and e upper; d, h, i; c and g left) or from three independent 

experiments (mean ± standard error: a and e below; b, f; c and g right). 

  



 

 

 

 

Supplementary Fig. S10. Expression levels of STAT1 and CCN4 in non-small cell lung 

cancer (NSCLC) single-cell datasets. Expression levels of STAT1, CCN4, and FAP in lung 

fibroblasts, epithelial cells, and malignant cells from NSCLC single-cell datasets. 

  



 

 

 

  



 

  



 

  



Table S4. The number of extracted cells in a single-cell RNA sequencing dataset  

    
number of cells 

bronchus fibroblast of lung 1,662 

fibroblast of lung 4,050 

epithelial cell of lung 16,175 

malignant cell 20,746 

Total 42,633 

 

  



Table S5. Correlation of Stat1 (encoded by STAT1) and Wisp-1 (CCN4) in bulk lung cancer 

expression data 

 

 

Parameter Pearson 
correlation 
coefficient (r) 

r² P-value Sample 
size (n) 

TCGA CCN4 and STAT1 (RNA-
seq) 

0.361 0.130 0 510 

CPTAC CCN4 and STAT1 (RNA-
seq) 

0.282 0.080 0.00282 110 

CPTAC CCN4 (RNA-seq) and 
STAT1 (protein abundance) 

0.390 0.152 0.00002 110 

CPTAC CCN4 (RNA-seq) and 
STAT1 S727 (phospo-protein 
abundance) 

0.276 0.076 0.00347 110 

CPTAC CCN4 (RNA-seq) and 
tumor purity 

-0.520 0.271 6.73E-09 109 

CPTAC CCN4 (RNA-seq) and 
stromal score 

0.650 0.422 1.55E-14 110 

 

 

 


