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            Abstract
Colorectal cancer remains a major unmet medical need, prompting large-scale genomics efforts in the field to identify molecular drivers for which targeted therapies might be developed1,2,3. We previously reported the identification of recurrent translocations in R-spondin genes present in a subset of colorectal tumours4. Here we show that targeting RSPO3 in PTPRK-RSPO3-fusion-positive human tumour xenografts inhibits tumour growth and promotes differentiation. Notably, genes expressed in the stem-cell compartment of the intestine were among those most sensitive to anti-RSPO3 treatment. This observation, combined with functional assays, suggests that a stem-cell compartment drives PTPRK-RSPO3 colorectal tumour growth and indicates that the therapeutic targeting of stem-cell properties within tumours may be a clinically relevant approach for the treatment of colorectal tumours.
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                    Figure 1: Anti-RSPO3 inhibits tumour growth of RSPO3-fusion-positive PDX models.


Figure 2: Anti-RSPO3 promotes differentiation.


Figure 3: RSPO2 and RSPO3 are required for normal stem-cell function in the intestine.


Figure 4: Anti-RSPO3 treatment reduces tumour propagation.
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Extended data figures and tables

Extended Data Figure 1 Characteristics of anti-RSPO2 and anti-RSPO3 antibodies.
a, Surface plasmon resonance sensograms of anti-RSPO2 (0â€“125â€‰nM) binding to human and mouse R-spondins (as indicated; h, human; m, mouse). b, Surface plasmon resonance sensograms of anti-RSPO3 (0â€“125â€‰nM) binding to human and mouse R-spondins (as indicated). c, Affinities of anti-RSPO2 and anti-RSPO3 binding to human and mouse R-spondins as indicated. Kd, equilibrium dissociation constant calculated as the ratio of koff/kon. Data are meansâ€‰Â±â€‰s.d. d, Functional blocking of Wnt reporter assay stimulated by 11.6â€‰pM human RSPO2 or 10.5â€‰pM human RSPO3 and 10â€‰ngâ€‰mlâˆ’1 rmWNT3a (as indicated). Data represent the meanâ€‰Â±â€‰s.e.m. of three independent experiments.


Extended Data Figure 2 Tumour growth inhibition persists following anti-RSPO3 treatment cessation.
a, RNA-seq expression of RSPO1-4 and identification of RSPO3-fusion by fusion-specific quantitative reverse transcription PCR (qRTâ€“PCR) in colon tumour, normal and PDX models. Expression data from normal colon and colon tumours were analysed from the publicly available data EGA accession EGAS00001000288 (ref. 4). Data are meanâ€‰Â±â€‰s.d. Normal nâ€‰=â€‰72; non-fusion tumour nâ€‰=â€‰67; PTPRK(e1)-RSPO3(e2) nâ€‰=â€‰4; CRCA nâ€‰=â€‰3 different tumours from the model; CRCB nâ€‰=â€‰3 different tumours from the model. RPKM, reads per kilobase per million. Expression levels greater than 0 but less than 0.5 RPKM are graphed as 0.5. b, Individual tumour measurements from CRCA treated with anti-RSPO3 (30â€‰mgâ€‰kgâˆ’1) twice a week for 4 weeks. Tumours were monitored for 30â€“40 days following the last dose of antibody (nâ€‰=â€‰10). c, Individual tumour measurements of CRCB data presented in Fig. 1. Anti-ragweed, nâ€‰=â€‰9; anti-RSPO3, nâ€‰=â€‰10. Tumour growth was followed for an additional 30â€“40 days following the last dose of antibody. Closed circles, anti-ragweed. Open circles, anti-RSPO3. Black bar indicates the time during which mice were treated with antibodies.

                          Source data
                        


Extended Data Figure 3 Histopathological analysis of tumours from CRCA and CRCB.
Sections from CRCA and CRCB (representative tumour from nâ€‰=â€‰3 analysed) collected 4 days following the initiation of dosing and stained as indicated. CC3, cleaved caspase 3. Black arrows highlight extracellular MUC2 positivity, red arrows highlight intracellular MUC2 positivity. Scale bar, 100â€‰Î¼m.


Extended Data Figure 4 Effects of anti-RSPO3 treatment on Wnt pathway activity.
a, Heat map of a CTNNB1 gene signature29 in CRCA samples, nâ€‰=â€‰3 tumours per group. b, Heat map of a CTNNB1 gene signature29 in CRCB, nâ€‰=â€‰3 tumours per group. c, Gene set enrichment analysis of CRCA using a CTNNB1 gene signature29. RW, anti-Ragweed-treated; R3, anti-RSPO3-treated; NES, normalized enrichment score; FWER, family-wise error rate. d, Gene set enrichment analysis of CRCB using a CTNNB1 gene signature29. e, f, RNA-seq expression of a subset of Wnt target genes in CRCA (e) and CRCB (f). Data are normalized to control group. Horizontal line indicates the mean. Closed circles, anti-ragweed treated. Open circles, anti-RSPO3 treated. nâ€‰=â€‰3 tumours.


Extended Data Figure 5 Validation of gene expression changes by qRTâ€“PCR.
a, b, Relative gene expression in CRCA and CRCB tumour samples as assessed by qRTâ€“PCR. Closed circles, anti-ragweed-treated tumours. Open circles, anti-RSPO3-treated tumours. Horizontal line indicates the mean. nâ€‰=â€‰3 for CRCA data and nâ€‰=â€‰4 for CRCB. qRTâ€“PCR data were validated from at least two independent experiments.


Extended Data Figure 6 Anti-RSPO3 treatment promotes differentiation.
a, Gene set enrichment using the Kosinsky et al. gene set13 in CRCA. b, Gene set enrichment using the Kosinsky et al. gene set13 in CRCB. nâ€‰=â€‰3 per group. RW, anti-ragweed-treated; R3, anti-RSPO3-treated; NES, normalized enrichment score.


Extended Data Figure 7 APC mutant PDX models fail to respond to anti-RSPO3 treatment.
Tumour growth inhibition (left) and qRTâ€“PCR of target genes (right) in APC mutant PDX models. a, APC(1554fs, 8fs, E941*);BRAF(V600E);PIK3CA(E545K), TP53(R248W) mutant PDX model. nâ€‰=â€‰10, anti-ragweed treated, nâ€‰=â€‰9, anti-RSPO3-treated. b, APC(757fs, E1408*);KRAS(G12D) model. Mice were treated with antibodies (30â€‰mgâ€‰kgâˆ’1) for 3â€“4 weeks (nâ€‰=â€‰10 animals per group). Tumour growth data were normalized to initial tumour volume upon treatment (100â€“150â€‰mm3). qRTâ€“PCR data (nâ€‰=â€‰5) were collected at 8 (a) or 4 (b) days after the initiation of dosing. Data are plotted as meanâ€‰Â±â€‰s.e.m. Closed circles, anti-ragweed. Open circles, anti-RSPO3. UND, undetermined Ct value.

                          Source data
                        


Extended Data Figure 8 The downregulation of stem-cell marker gene expression is an early and robust response to anti-RSPO3 treatment.
a, Relative gene expression in CRCA tumour samples collected 1, 4 and 10 days following a single injection of anti-RSPO3 (30â€‰mgâ€‰kgâˆ’1). Closed circles, anti-ragweed-treated. Open circles, anti-RSPO3-treated. Horizontal line indicates the mean. nâ€‰=â€‰5 tumours per group per time point. UND, undetermined Ct value.


Extended Data Figure 9 Combined treatment of anti-RSPO2 and anti-RSPO3 reduces LGR5.
a, Quantification of Lgr5+ cells in the jejenum of mice treated with antibody (indicated on x axis) for 4 days. Lgr5â€“GFP-positive crypts/total crypts (nâ€‰=â€‰10 for control, nâ€‰=â€‰20 for antibody treated) were counted in three different mice. Horizontal line indicates the mean. b, Relative expression assessed by qRTâ€“PCR from RNA isolated from the ileum of animals treated with antibody for 9 days. Data are normalized to the control antibody treated group. nâ€‰=â€‰5, horizontal line indicates the mean. c, Haematoxylin and eosin stained sections from the intestine of mice treated with indicated antibodies for 9 days. Scale bar, 100â€‰Î¼m.


Extended Data Figure 10 Anti-RSPO3 treatment reduces tumour-initiating cell content.
a, Percentage of CD133 (left) and CD44 (right)-positive cells as a percentage of live cells following 14 days of anti-RSPO3 treatment of CRCA. b, Percentage of CD133 (left) and CD44 (right)-positive cells as a percentage of live cells following 8 days of anti-RSPO3 treatment of CRCB. Closed circles, anti-ragweed treated. Open circles, anti-RSPO3 treated. Horizontal line indicates the mean. nâ€‰=â€‰5.
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        Editorial Summary
Stem cell function in colorectal tumours
Frederic de Sauvage and colleagues have previously identified translocations in genes encoding the Wnt regulator R-spondins in some colorectal tumours. Here they demonstrate that antibody-mediated inhibition of R-spondin 3 (RSPO3) in such tumours decreases tumour growth and promotes differentiation. These effects are associated with a decrease in expression of genes associated with stem cell function. This work raises the possibility of targeting stem -cell properties within tumours as therapeutic approach in colorectal tumours.
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