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SUPPLEMENTAL MATERIALS AND METHODS 

Double immunofluorescence (IF) 

The FFPE archived ESCC tissue sections were deparaffinized and treated with 10 mM citrate buffer 

(pH 6.0) at 95–100 °C for 15 min. After washing three times with phosphate-buffered saline (PBS; 

Gibco), the slides were treated with 0.25% Triton X-100 for 10 min and then blocked in 10% bovine 

serum albumin (BSA) in PBS for 1 h. A mixture of two primary antibodies (rabbit against WNT2 and 

mouse against FGFR2; rabbit against CD4 and mouse against FOXP3; rabbit against CD8 and mouse 

against IFN-γ; Abcam) was incubated overnight at 4 °C. Following washing, the slides were incubated 

for 1 h at room temperature with a mixture of two secondary antibodies (Alexa Fluor594-conjugated 

anti-rabbit IgG and Alexa Fluor488-conjugated anti-mouse IgG, or Alexa Fluor488-conjugated anti-

rabbit IgG and Alexa Fluor594-conjugated anti-mouse IgG; Invitrogen) and Hoechst 33342 (Invitrogen) 

counterstain. Slides were subsequently mounted with ProLong™ Diamond Antifade Mountant 

(Invitrogen). Images were acquired using the Tissue FAXS Systems (TissueGnostics) and analyzed 

with TissueFAXS Imaging Software. 

 

Clinical samples and cell lines 

A total of 47 formalin-fixed and paraffin-embedded (FFPE) ESCC tissues were collected from the 

Shenzhen People’s Hospital. All clinical samples used in this study were approved by the Committee 

for Ethical Review of Research at Shenzhen People’s Hospital. The mouse ESCC cell line, mEC25, 

was established in our laboratory.1 CMT93 mouse CRC cell line and 293T cell line were obtained from 
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the American Type Culture Collection. All cell lines were cultured in high-glucose DMEM (Gibco) 

supplemented with 10% fetal bovine serum (FBS; Gibco) and incubated at 37 °C in a humidified 

chamber containing 5% CO2. 

 

Generation of anti-WNT2 and anti-WNT2 Fab antibodies 

The mouse monoclonal anti-WNT2 (3C4), which was custom-made at Kexing Biotech Inc (Hangzhou, 

China), is a IgG1 type antibody against human and mouse WNT2 protein. Anti-WNT2 Fab was 

generated based on anti-WNT2 IgG (3C4) by removing Fc fragment with enzymatic digestion methods.  

 

Isolation of primary mouse CAFs (mCAFs) 

mCAFs were isolated from mouse primary ESCC tumors that had been induced by the carcinogen 4-

nitroquinoline-1-oxide (4-NQO), as previously described.1 2 Briefly, freshly collected mouse ESCC 

tumor tissue was cut into pieces that were as small as possible in sterile PBS solution, followed by 

digestion with collagenase IV (1 mg/ml; Sigma). The suspension was filtered through the membrane 

of a 70-µm cell-strainer to collect a suspension of single cells. The filtrate was centrifuged, washed 

twice, then plated on 60-mm tissue culture dishes in 5 ml DMEM medium containing 10% FBS. After 

culturing for 45 min at 37 C, non-adherent cells (mainly tumor cells) were removed to obtain pure 

fibroblasts. Non-tumorous esophageal tissues were used to isolate normal fibroblasts (NFs), as 

described above. 

 

Lentivirus vector preparation and primary cell transduction 
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Lentivirus was generated with a packaging mix (Sigma) and pLKO.1-Puro-shWnt2 plasmid (Sigma) 

or pLKO.1-Puro-shNTC control plasmid (Sigma), according to the manufacturer’s protocol. Primary 

mCAFs were transduced by shWnt2 of shNTC lentivirus. Puromycin (Sigma) was used to select 

mCAF-shWnt2 or mCAF-shNTC stable clones. The sequences for the Socs3-targeted siRNA and 

control siRNA were designed and synthesized by GenePharma (Suzhou, China); these sequences are 

shown in online supplementary table 1. siRNAs were transfected into primary DC precursors with 

Lipofectamine 3000 (Invitrogen).  

 

Cytotoxic T lymphocyte (CTL) assay 

CD8+ T cells were isolated from spleens of C57BL/6 mice, using a negative CD8+ T-cell isolation kit 

(Stemcell Technologies) and following the manufacturer’s instructions. These effector CD8+ T cells 

were re-stimulated with tumor lysate for 3 days and were then tested for cytolytic activity against 

mEC25 cells or CMT93 cells (effector cells : target cells = 50 : 1) using a cytotoxicity detection kit 

(LDH) (Roche Applied Science, Indianapolis, IN, USA), according to the manufacturer’s instructions.  

 

RNA extraction and quantitative real-time PCR 

Total RNA from mCAFs or DC precursors was extracted using TRIzol Reagent (Invitrogen) and 

reversed-transcribed with PrimeScript™ RT-PCR Kit (Takara). Real-time PCR for analyzing Wnt2 or 

SOCS3 mRNA levels was performed with TB Green® Premix Ex Taq™ (Takara), according to the 

manufacturer’s instructions, on a CFX Connect Real-Time PCR Detection System (Bio-Rad). Data 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

 doi: 10.1136/gutjnl-2020-322924–12.:10 2021;Gut, et al. Huang T-X



5 

 

were normalized by the level of GAPDH mRNA in each individual sample. The 2−ΔΔCt method was 

used to calculate relative changes in expression. 

 

Western blotting 

Western blotting was performed according to the standard protocol, using antibodies for SOCS3 

(Abcam), JAK2 (D2E12; CST), p-JAK2 (D15E2; CST), STAT3 (79D7; CST), p-STAT3 Tyr705 

(D3A7; CST), or GAPDH (D16H11; CST), and then with HRP-conjugated secondary antibody after 

washing. The bands on the membranes were detected using a Pierce™ Fast Western Blot Kit (Thermo 

Scientific) and the ChemiDoc Touch Gel Imaging system (Bio-Rad). 

 

RNA sequence analysis 

Total RNA from control CM, mWnt2, mCAF.CM, or mCAF.CM+αWNT2 treated DCs was depleted 

of genomic DNA and rRNA. After purification of the remaining RNA without rRNA, the RNA was 

fragmented into small pieces using divalent cations under elevated temperature. The cleaved RNA 

fragments were copied into first strand cDNA using reverse transcriptase and random primers, followed 

by second strand cDNA synthesis. These cDNA fragments then were subjected to end-repair, 

phosphorylation and 'A' base addition according to Illumina library construction protocol. Deep 

sequencing was performed on an Illumina NovaSeq 6000 at WuXi NextCODE (Shanghai, China). 

RSEM (1.2.29) were used to perform expression abundance quantification based on the uniquely 

mapped reads. Transcripts with fold change ≥ 2 in expression level were defined as differentially 
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expressed. Hypergeometric test implemented in GOSTATs was used to perform functional enrichment 

analysis and gene set enrichment analysis. The RNA-sequencing data generated in this investigation 

were deposited in the National Center for Biotechnology Information’s Gene Expression Omnibus 

(GEO) database and can be accessed using GEO accession no. GSE154420. 

 

ELISA analysis 

Cell culture supernatants of mCAF-shWnt2 or mCAF-shNTC clones were collected, and the 

concentration of Wnt2 was measured using the mouse Wnt2 ELISA kit (CUSABIO), according to the 

manufacturer’s instructions. For detecting the secretion of TNFα and IL12 by DCs as well as the 

secretion of IFNγ by CD8+ T cells, the cells were treated as in FACS assay followed by the collection 

of their culture-supernatant. The concentration of TNFα, IL12, or IFNγ in the culture-supernatant was 

detected using the corresponding ELISA kit (Biolegend). 

 

Immunohistochemical (IHC) and hematoxylin/eosin (HE) analysis  

Isotype IgG or biotin-labeled anti-WNT2 was injected into mEC25-tumor bearing C57BL/6 mice 

intraperitoneally every two days for three times, and the tumors and normal organs including heart, 

liver, spleen, lung, and kidney were isolated. Consecutive frozen sections and streptavidin-biotin-HRP 

complex method were used for IHC analysis. In brief, frozen tissue sections were blocked with 0.3% 

hydrogen peroxide for 15min, and with 10% normal rabbit serum for 10min, followed by the incubation 

of streptavidin-biotin-HRP complex. Streptavidin was omitted as the negative staining control. The 
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slides were visualized using 3, 3’-diaminobenzidine (Dako), and then counterstained with hematoxylin 

(Sigma-Aldrich). For the histological analyses, consecutive human ESCC tissue sections used for the 

IF analyses of WNT2+ CAFs, Tregs, and effector CD8+ T cells, or the frozen sections of normal organs 

from the mice in IgG and anti-WNT2 treatment group, were stained with HE according to the 

manufacturer's instructions (Vector, Burlingame, CA). The images were captured with Slide Scan 

System (SQS1000; TEKSQRAY).  

 

Statistical analysis 

All quantitative data are presented as means ± standard error of the mean (s.e.m.), unless otherwise 

indicated. The statistical analyses were performed using an unpaired two-tailed Student’s t-test or two-

way ANOVA, using the Prism statistical software program (GraphPad Software, Inc., San Diego, CA, 

USA). A P-value less than 0.05 was considered to be significant. *P<0.05, **P<0.01, 

***P<0.001,****P<0.0001. 

 

SUPPLEMENTAL FIGURE LEGENDS 

Supplementary figure 1  Identification of the specificity and species reactivity of the anti-WNT2 

monoclonal antibody. (A) Western blotting revealed that anti-WNT2 monoclonal antibody (Clone: 

3C4) specifically recognized the cell lysate of 293T cells with overexpression of human WNT2, but 

not those with overexpression of human WNT2B, WNT3A, WNT5A, WNT5B, WNT7B, or WNT11. 

GAPDH was used as an internal control. (B) Western blotting revealed that anti-WNT2 recognized the 
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cell lysate of 293T cells with mouse Wnt2 overexpression. GAPDH was used as an internal control. 

 

Supplementary figure 2  Anti-WNT2 therapy induced tumor-killing immunity and enhanced 

the therapeutic efficacy of anti-PD-1 in mouse CRC. (A) Schematic of the drug intervention protocol 

for α-WNT2 (intraperitoneally) and/or α-PD1 (intraperitoneally) in C57BL/6 mice subcutaneously 

implanted with CMT93 cells. At the drug intervention end-point, mouse tissues were obtained for flow 

cytometry. (B) Average tumor growth curves of syngeneic CMT93 tumors in mice treated as described 

in (A). (C) The visual maps of CMT93 tumors by indicated treatment. The tumors were removed from 

mice at day 30 after CMT93 cell injection. (D) Flow cytometry was used to quantify the percentage of 

effective CD8+ T cells (IFNγ+) in anti-WNT2, anti-PD-1, and IgG isotype-treated mice (n=5/group). 

(E) A cytotoxic lymphocyte (CTL) assay evaluated the tumor-killing activity of CD8+ T cells isolated 

from mice spleen treated in (D). (F-I) Flow cytometry analysis was used to quantify the percentage of 

CD11c+ DC cells (F), CD103+ DC cells (G), CD80+CD11c+ DC cells (H), and CD86+CD11c+ cells (I) 

in tumors from mice treated in (D). Data are shown as means ± s.e.m. *p<0.05, **p<0.01, ***p<0.001, 

****p<0.0001 by two-way ANOVA in (B) or Student’s t-test in (D-I). 

 

Supplementary figure 3  Evaluation of the potential off target effects of anti-WNT2. (A,B) IHC 

analysis was used to evaluate the binding activities of biotin-labeled anti-WNT2 to tumor tissues (A) 

and normal vital organs including heart, liver, spleen, lung and kidney (B) after intraperitoneal injection 

into mice. Scale bar: 100µm (Upper panel); 50µm (Lower panel). (C) Representative H&E staining of 
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normal vital organs from the anti-WNT2-treated and IgG-treated mice. Scale bar: 20µm. 

 

Supplementary figure 4  Gating strategy used for flow cytometry analyses. For the analyses of 

flow cytometry experiments, the acquired events were firstly gated based on the forward scatter (FSC-

A) and side scatter (SSC-A) plots. Single cells were then gated based on the height and area of FSC 

(FSC-H vs. FSC-A) and analyzed for the indicated cell surface markers which were stained with 

specific fluorescence-labeled antibodies. The obtained data were processed using Beckman CytExpert 

software. 

 

Supplementary figure 5  Recombinant mouse-Wnt2 protein inhibited DC differentiation in 

vitro. (A,B) Flow cytometry was used to evaluate the percentage of CD11c+ cells (A) and CD103+ 

cells (B) in C57BL/6 bone marrow cells during DC induction with mWnt2 (100 ng/ml), mWnt2+IgG, 

mWnt2+αWNT2 IgG or mWnt2+αWNT2 Fab treatment. Control: RPMI 1640 medium containing 10% 

FBS with GM-CSF (10 ng/ml) + IL-4 (10 ng/ml). (C-F) After DC induction with the indicated 

treatment, the cells were stimulated with LPS, and the percentage of TNFα+CD11c+ cells (C), 

IL12+CD11c+ cells (D), CD80+CD11c+ cells (E) and CD86+CD11c+ cells (F) was assessed by flow 

cytometry. (G) After DC induction with the indicated treatment, the cells were stimulated with mEC25 

cell lysate followed by co-incubation with CD8+ T cells for 5 days, and the percentage of IFNγ+CD8+ 

T cells in CD8+ gated cells was evaluated by flow cytometry. (H-J) ELISA assay was used to detect 

the secretion of TNFα (H) and IL12 (I) by DCs, and the secretion of IFNγ (J) by CD8+ T cells with the 
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indicated treatment. For the flow cytometry analyses (A-G), the acquired events were gated based on 

the strategy shown in online supplementary figure 4. Data are shown as means ± s.e.m. **p<0.01, 

***p<0.001, ****p<0.0001, using the Student’s t-test. LPS, lipopolysaccharide. 

 

Supplementary figure 6 Recombinant human-WNT2 protein treatment inhibited DC 

differentiation in vitro. (A,B) Flow cytometry was used to evaluate the percentage of CD11c+ cells 

(A) and CD103+ cells (B) in human PBMC-derived DCs during induction with hWnt2 (30 ng/ml), 

hWnt2+IgG, hWnt2+αWNT2 IgG, or hWnt2+αWNT2 Fab treatment. Control: RPMI 1640 medium 

containing 10% FBS with GM-CSF (10 ng/ml) + IL-4 (10 ng/ml). (C,D) After DC induction with the 

indicated treatment, the cells were stimulated with LPS, and the percentage of CD80+CD11c+ cells (C) 

and CD86+CD11c+ cells (D) were assessed by flow cytometry. For the flow cytometry analyses (A-D), 

the acquired events were gated based on the strategy shown in online supplementary figure 4. Data are 

shown as means ±  s.e.m. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, using the Student’s t-test. 

PBMC: peripheral blood mononuclear cell. 

 

Supplementary figure 7  Detection of WNT2 expression or secretion in mEC25 tumor cells and 

mCAFs. (A) Western blotting showed WNT2 is more highly expressed in mCAFs than in mEC25 

tumor cells. (B) ELISA assays showed WNT2 was detectable in the culture medium of mCAFs, but 

not in that of mEC25 cells. Data are shown as means ± s.e.m. ***p<0.001, using the Student’s t-test.  
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Supplementary figure 8  Deregulated genes and pathways in DCs altered by mCAF-derived 

WNT2. (A) A Venn diagram of differentially expressed genes based on gene fold-changes ≥2.0 for 

three sample sets: control CM-, mCAF.CM-, or mCAF.CM+αWNT2-treated DCs; A total of 223 genes 

(10.6%) showed common changes in mCAF.CM-treated DCs when compared with their expression in 

control CM-treated DCs and mCAF CM+αWNT2-treated DCs. (B) A selection of the top nine 

pathways enriched for the 223 genes described in (A), based on KEGG pathway enrichment analysis.  

 

Supplementary figure 9  p-STAT3 inhibitor Napabucasin suppressed DC differentiation. (A) 

Western blotting confirmed the inhibition of STAT3 (Tyr705) phosphorylation by Napabucasin (2 µM). 

(B,C) Napabucasin (2 µM) was used to treat cells during DC induction. Flow cytometry showed that 

Napabucasin suppressed the differentiation of CD11c+ DCs (B) and CD103+ DCs (C). (D-F) After DC 

induction with the indicated treatment, the cells were stimulated with LPS, and the percentage of 

IL12+CD11c+ cells (D), CD80+CD11c+ cells (E), and CD86+CD11c+ cells (F) were assessed by flow 

cytometry. Data are shown as means ± s.e.m. ***p<0.001, ****p<0.0001, using the Student’s t-test. 
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SUPPLEMENTAL TABLES 

Supplemental Table 1: siRNA sequences targeting Socs3 and shRNA sequences targeting Wnt2. 

Name Sequence 

si-Control Sense:      5'-UUCUCCGAACGUGUCACGUTT-3' 

Antisense:5'-ACGUGACACGUUCGGAGAATT-3' 

si-Socs3 Sense:      5'-GCUUCGACUGUGUACUCAATT-3' 

Antisense:5'-UUGAGUACACAGUCGAAGCTT-3' 

shNTC CCGGCAACAAGATGAAGAGCACCAACTCGAGTTGGTGCTCTTCATCTTGT

TGTTTTT 

shWnt2 CCGGGATGACCAAGTGTGAGTGTAACTCGAGTTACACTCACACTTGGTCA

TCTTTTTG 

 

SUPPLEMENTAL REFERENCES 

 

1. Huang T, Yang J, Liu B, et al. A new mouse esophageal cancer cell line (mEC25)-derived pre-

clinical syngeneic tumor model for immunotherapy. Cancer Commun (Lond) 2020;40(7):316-320. 

  

2. Zhang C, Fu L, Fu J, et al. Fibroblast growth factor receptor 2-positive fibroblasts provide a suitable 

microenvironment for tumor development and progression in esophageal carcinoma. Clin Cancer 

Res 2009;15(12):4017-27.  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

 doi: 10.1136/gutjnl-2020-322924–12.:10 2021;Gut, et al. Huang T-X


