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Supplementary Figure Legends 

Supplementary Figure 1. Characterization of PKH26-labeled colorectal cancer cells. (A) Flow cytometry for showing the staining efficiency of PKH26 dye in HT29 parental cells and sphere-derived cancer stem cells (SDCSCs). Buffer C, Buffer diluent C as a control; PKH26, PKH26 dye staining. (B) Immunofluorescent images for showing the association or colocalization of PKH26 vesicles and subcellular organelles. PKH26 dye, red; organelle markers (CD81, ER, Mito), green; DNA, blue. Scale bar=5μm. ER, endoplasmic reticulum, marked by calreticulin; Mito, mitochondria, marked by MitoTracker Deep Red FM, pseudocolor in green. (C) The MTT viability assay (left) and BrdU proliferation assay (right) in PKH26-labeled and non-labeled HT29 SDCSCs. Buffer C, mock staining control. Data represent mean ± S.D. n=3 independent experiments. (D) A histogram for quantifying the secondary sphere formation of PKH26-labeled and non-labeled HT29 SDCSCs. Data represent mean ± S.D. n=3 independent experiments.
Supplementary Figure 2. The association and colocalization of endosome markers with asymmetrically distributed PKH26 vesicles in dividing HT29 parental cells. (A) The immunofluorescent pictures for showing the association of asymmetrical PKH26 vesicles and endosome markers in HT29 cells. PKH26 dye, red; endosome markers (EEA1 and RAB11), green; DNA, blue; Scale bar=5μm. Arrows indicate the association or colocolization. Insert: magnified images indicated by yellow arrows (left top) and DIC pictures for showing paired cells (bottom right). (B) The quantification result of association of asymmetrical PKH26 vesicles with indicated endosome markers in HT29 cells. Data represent mean ± S.E.M.
Supplementary Figure 3. Characterization of miR-146a-5p knocked down or Numb-restored SDCSCs. (A) The percentage of PKH26 vesicle asymmetry/symmetry in stable HT29 SDCSCs receiving scramble (Zc) or shRNA targeting miR-146a-5p (Z146a). PKH-Sym, symmetric segregation of PKH26-vesicles. PKH-Asym, asymmetric segregation of PKH26-vesicles. n (total counted cells over 2 independent experiments)=132 and 136 for HT29 SDCSC-Zc and HT29 SDCSCs-Z146a, respectively. The p-value is estimated by (2 test. ***, p<0.001 (B) The percentage of Numb and PKH26 vesicles co-expression (CE) or inverse expression (IE) in Numb-restored-PKH(Dim) daughter cells undergoing asymmetric cell division. Data represent mean ± S.D. n=3 independent experiments. (C) RT-qPCR results for showing the expression of Wnt targets in HCT15 SDCSCs-Vec and HCT15 SDCSCs-Numb(FL). *, p<0.05 **, p<0.01 (Student’s t test).
Supplementary Figure 4. Symmetric and asymmetric segregation of PKH26 vesicles in colorectal cell lines. (A-B) The percentage of the asymmetry/symmetry of PKH26 vesicles in parental cells, SDCSCs and serum-differentiated SDCSCs (Differentiation) in HT29 (A) and HCT15 cells (B). Data represent mean ± S.D. *, p<0.05 **, p<0.01 (Student’s t test) (C-D) Histograms for showing percentages of PKH26 vesicle asymmetry/symmetry at the indicated stable cell lines of HT29 SDCSCs (C) and HCT15 SDCSCs (D). *, p<0.05; **, p<0.01; ***, p<0.001 (Student’s t test). (E-F) Histograms for showing percentages of PKH26 vesicle asymmetry/symmetry at indicated stable cell lines from HT29 (E) and HCT15 parental cells (F) *, p<0.05; ***, p<0.001 (Student’s t test).
Legend for Supplementary Movie 1. A representative video for showing the symmetric or asymmetric segregation of PKH26 vesicles in parental HT29 cells. 
Supplementary Material and Methods
Cell culture and expansion of sphere-derived cancer stem cells (SDCSCs). Human CRC line HT29 was grown in Dulbecco modified Eagle medium (Gibco Life Technologies, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS; Gibco Life Technologies, Carlsbad, CA, USA) and human CRC line HCT15 was grown in RPMI-1640 (Gibco Life Technologies, Carlsbad, CA, USA) supplemented with 10% FBS. All cells were cultured under 5% CO2 in the 37ºC humidified incubator. To expand sphere-derived cancer stem cells from parental CRC cells, single cell suspension was prepared and cells were cultured in defined stem-cell medium (SCM) supplemented with N2 Plus Supplement (R&D System, Minneapolis, MN, USA), 10 ng/ml recombinant bFGF (PeproTech Asia, Rehovot, Israel) and 10 ng/ml recombinant EGF (PeproTech Asia, Rehovot, Israel) for 21 days to obtain cancer spheroids


1 ADDIN EN.CITE . To induce in vitro differentiation, SDCSCs were dissociated and dispensed into DMEM supplemented with 10% FBS for the first cell division. The following stable cell lines used were established previously


2 ADDIN EN.CITE  and western blots for validating Numb expression for HT29-Vec, HT29-146a, HT29-puro-Vec and HT29-146a-Numb are shown in Fig. 5c and Fig. S5k of Reference 2; HCT15-Vec, HCT15-146a, HCT15-puro-Vec and HCT15-146a-Numb in Fig. 5j of Reference 2; HT29 SDCSCs-Vec, HT29 SDCSCs-FLAG-Numb(162-400), HT29 SDCSCs-Numb (FL) and HT29 SDCSCs-Numb (FL)/(-cat(mut) in Fig. 6i of Reference 2; HCT15 SDCSCs-Vec, HCT15 SDCSCs-FLAG-Numb(162-400), HCT15 SDCSCs-Numb (FL) and HCT15 SDCSCs-Numb (FL)/(-cat(mut) in Fig. S6m of Reference 2.
PKH26 labeling and paired cell assay
Cells were dissociated and 1E6 cells were suspended in 300μl of Buffer diluent C provided in PKH26 Red Fluorescent Cell Linker Kit (Sigma-Aldrich, St. Louis, Mo, USA) to make 2X cell suspension. 4μl of PKH26 dye were added in 1ml of Buffer diluent C to make 2X dye solution. The equal volumes of the dye solution were added immediately to cell suspension by a pipetman for 5 minutes at room temperature and mixed gently during staining. 600μl of FBS were then added to the cell-dye mixture to stop staining for 1 minute at room temperature. The PKH-labeled cells were collected by centrifugation and washed by complete medium once and PBS twice to remove excessive dye. The resultant PKH26-labeled cells were plated onto acid-treated coverslips for further experiments. To quantify the percentage of the symmetric and asymmetric segregation of PKH26-vesicles, only cells undergone cytokinesis (20 hours after seeding) were counted and number of total twin cells for individual condition was shown in corresponding figure legends. The resultant fluorescent images were captured, and the integrated fluorescence intensity of PKH26 foci in each daughter cell was calculated using ImageJ software (https://imagej.nih.gov/ij/). Fluorescence intensity with fold changes greater than 5-fold in conjoined twin cells was considered to represent PKH26 asymmetry. For paired cell assay at the first cell division, a thymidine-nocodazole synchronization was applied. The PKH26-labeled cells were seeded in the presence of thymidine (4mM, Sigma-Aldrich, St. Louis, Mo, USA) for 24 hours first. After 7 hours release from G1-phase, cells were treated with nocodazole (40ng/ml., Sigma-Aldrich, St. Louis, Mo, USA) overnight to enrich mitotic round cells. The medium was then replaced with fresh medium for 1 hour to obtain paired cells for immunofluorescent staining. To assess the functional divergence of PKHBight and PKHDim cells, paired cells released from mitotic blockage were treated with additional thymidine (4mM, Sigma-Aldrich, St. Louis, Mo, USA) for 6 hours. Single suspension was prepared and subjected for cell sorting by FACSAria (Becton-Dickinson, Franklin Lakes, NJ, USA). Cells with resultant purity more than 85% were subjected for further analysis.
Immunofluorescent assay and time-lapsed microscopy.
Cells were fixed with 4% paraformaldehyde (Sigma-Aldrich, St. Louis, Mo, USA) for 30 minutes at room temperature followed by PBS washes. Cells were permeabilized with 0.5% Triton X-100/PBS for 5 minutes at room temperature, washed by PBS and blocked in 5mg/ml BSA (Sigma-Aldrich, St. Louis, Mo, USA) prepared in PBS for 30 minutes before probing with primary antibodies and secondary antibodies. The MitoTracker Deep Red FM (Invitrogen Carlsbad, CA, USA) was applied to mark mitichondria according to manufacture’s protocol. Generally, 2E5 cells were suspended in basal DMEM containing 100nM of MitoTracker dye at 37(C water bath for 20 minutes. Cell pellets wee collected by centrifugation, washed by PBS and were subject for PKH26 labeling as described. For time-lapsed microscopy, cells were seeded in 0.5 ml culture medium on a Lab-Tek chambered cover glass system (ThermoFisher Scientific, Waltham, MA USA) followed by thymidine-nocodazole synchronization to enrich mitotic round cells. The medium was replaced with fresh one and images were taken by a Zeiss LSM700 microscope (Carl Zeiss, Oberkochen, Germany) with CO2-equilibrated chamber every 10 minutes for 3 hours. The images were processed and reconstructed by ZEN 2009 Light Edition software.  Fluorescence images were visualized with a fluorescence microscopy (Leica DM 6000 B, Leica, Wetzlar, Germany), or laser scanning confocal systems (FV1000, Olympus, Tokyo; Zeiss LSM880, Carl Zeiss, Oberkochen, Germany) with the assistance from the instrument resource center, National Yang-Ming University. The antibodies used were summarized in supplementary table 1.  

Anchorage-independent colony growth, spheroid formation assay, cell viability assay, cell proliferation assay, FACS analysis, and RT-qPCR. For these methods, please refer to studies described


2 ADDIN EN.CITE  and the primer list used was shown in supplementary table 2. 
Statistical Analyses. Independent sample t-tests were performed to compare the continuous variation of two groups and the χ2 test was applied for comparison of dichotomous variables. p-values < 0.05 were considered significant. The total cell numbers for quantifying PKH26-vesicle asymmetry/ symmetry were described in corresponding figure legend. Quantification results for Figure 1E, Figure 4A and Figure 4B were recalculated and reported as mean ±S.D as shown in Figure S4. 
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