
 
 
Supplementary Movies Legends. 
 
Movie 1: WT PyMT breast tumor organoids migrate in the direction of an SDF1 chemokine 
gradient. The gradient is increasing towards the right, corresponding to directed collective cell 
migration to the right. (Scale bar = 100 um) 
 
 
Movie 2: K14-GFP-Actin cells migrate within the tumor organoid to the leading edge and lead 
directed collective migration in the presence of an SDF1 chemokine gradient. The gradient is 
increasing towards the top.  Green arrows identify K14-GFP cells. (Scale bar = 100 um) 
 
 
Movie 3: PyMT; K14-GFP-Actin; Ddr2-/- tumor organoids do not migrate in the direction of an 
SDF1 chemokine gradient. The gradient is increasing towards the top. (Scale bar = 100 um) 
 
 
 
 
Supplementary Methods 
 
Organoid generation and embedding in microfluidic devices 

Immediately after euthanizing tumor bearing mice, we isolated all mammary gland tumor 
tissue and minced tissue before digesting in collagenase solution (0.002 g/ml collagenase, 
0.002 g/ml trypsin, 2.5 mg/ml gentamicin, 5 ug/ml bovine insulin, 5% FBS, in DMEM/F12) for 35 
minutes at 37C. After digesting in collagenase solution, we treated sample with DNAse, and 
washed samples with DMEM/F12 to remove any single cells. We resuspended organoids in 
HBSS solution (~1250 organoids/ml), and mixed 8 ul of organoid solution with 8 ul of 2 mg/ml 
collagen 1 solution (Trevigen, exact protocol from vendor to make collagen 1). We delivered 8 ul 
of the organoid+collagen 1 mixture to the middle chamber of the microfluidic device and allowed 
the collagen 1 to polymerize for 30 minutes at 37C. After polymerization for 30 minutes, we 
delivered 8 ul of collagen 1 only to the top and bottom chambers. We then allowed all the 
chambers to polymerize for 1 hour at 37C. After complete polymerization of all tissue chambers, 
we delivered 200 ul of organoid culture media (DMEM, 10% FBS, P/S) to the top and bottom 
fluidic lines. 
   
Immunofluorescence of organoids in microfluidic devices  

All immunostaining was performed after imaging studies with organoids maintained 
within the devices, and all reagents were delivered via fluidic lines. We delivered 1% 
paraformaldehyde (PFA) to fluidic lines for 20 minutes, washed with PBS + 0.1% Tween20 
(PBST) for 5 minutes, and blocked with Abdil (2% BSA and 0.1% Tween20 in PBS) for 1 hour at 
4C. We delivered primary antibodies (CXCR4, DDR2 or K14; all 150x in Abdil) to fluidic lines 
overnight at 4C. After incubating with primary antibodies, we delivered PBST to fluidic lines 
overnight, and then delivered species matched Anti-rabbit or anti-rat AlexaFluor 488 or 555 
secondary antibodies (1:500) overnight at 4C. All samples were washed with PBST, and nuclei 
were counterstained with DAPI for 20 minutes at 4C. After DAPI staining, samples remained in 
PBS at 4C until imaging. 
 
 
 



Gene expression analysis in organoids 
Organoids were lysed directly in the tissue chamber using 150 ul RLT Lysis Buffer + b-

mercaptoethanol (bME) (10 ul bME to 1 ml lysis buffer; Qiagen RNeasy plus Micro Kit, protocol 
supplied by the manufacturer). Using a P200 pipetter, we removed cell lysis directly from the 
tissue chamber and performed mRNA extraction (Qiagen RNeasy plus Micro Kit) according to 
manufacturer directions. cDNA synthesis was performed using a High-Capacity cDNA Reverse 
Transcription Kit (Applied Biosystems, protocol supplied by manufacturer), and qRT-PCR was 
performed using Taqman probes (Invitrogen) for CXCR4 (Mm01996749_s1 (mouse), 
Hs00607978_s1 (human)), K14 (Mm00516876_m1), DDR2 (Mm00445612_m1), and E-
cadherin (Mm01247357_m1)  with GAPDH or 18s (Mm99999915_g1 (mouse)) or 18s 
(Hs03003631_g1 (human)) as housekeeping gene.   Settings for performing qRT-PCR using 
Taqman probes have been optimized and were all supplied by the manufacturer.   
 
CXCR4 knockdown in organoids within the microfluidic devices 

We synthesized lentivirus particles using a shRNA CXCR4-GFP plasmid kit from 
Origene (Cat #: TL313630, with corresponding scramble control Cat #:TR30021). After 
generating lentivirus particles, we delivered 200 ul of lentivirus particle solution directly to the 
microfluidic device containing organoids via fluidic lines for 16 hours. The next day, we washed 
samples by delivering 200 ul tumor organoid culture media to fluidic lines, and changed media 
every 48 hours. Using an inverted fluorescence microscope, we monitored the tumor organoids 
lentiviral infection efficiency by GFP expression. Tumor organoids began expressing GFP after 
48 hours, and at that time point, we transferred devices to 5% O2 for the remainder of the 
culture period. Successful knockdown of CXCR4 was subsequently confirmed via qRT-PCR 
quantification. 


