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Supplementary Figure 1. Outline of the screening pipeline and results 

(A) Scheme of the RNAi-based screening. Glass-bottom 96-well plates were coated with siRNAs 

targeting RAB GTPase family members and transfection reagent. After 48h, cells were serum 

starved for 2h and stimulated with PDGF (20 ng/ml) for 10’. Cells were subjected to IF staining to 
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detect cell nuclei (Dapi), Membrane (Cell Mask) and F-actin (Phalloidin). Images were 

automatically acquired by an Olympus ScanR microscope and processed through a dedicated-image 

analysis pipeline to quantify CDR-associated pixels and to generate a list of CDR-regulators. 

(B) Image analysis pipeline. A subset of randomly chosen images acquired in the GFP channel 

(Phalloidin) were used to manually define CDR-associated pixels and build a Random Forest 

classifier by using the ilastik software (http://ilastik.org/). The generated classifier was combined to 

a dedicated Cell Profiler (http://www.cellprofiler.org/) pipeline. Dapi staining was used to identify 

nuclei and Cell Mask to perform cell segmentation. Following the application of a number of filters, 

CDR-associated pixels were identified in the FITC-Phalloidin stained images.  

(C) Dapi staining of scrambled and Incenp-depleted MEFs. The percentage of morphological 

altered nuclei is expressed as mean ± SD (n > 300 cells/condition in 3 independent experiments). 

Scale-bar, 50 µm. Boxes indicate magnified areas shown on the right. 

(D) Serum-starved, doxycycline-treated pSLIK-HA-RAB35-human-MEFs were stimulated with 

PDGF for 10’ or mock treated, fixed and co-stained with FITC-Phalloidin and anti-HA antibody to 

detect F-actin and RAB35, respectively. Representative fluorescence images are reported for each 

experimental condition. The box indicates magnified area shown on the right. Scale-bar, 50 µm. 

(E) RAB35 downregulation impairs CDRs formation in HGF-stimulated HeLa cells. Left: HeLa 

cells were interfered for RAB35 using 3 different oligos. A scrambled oligo was used as negative 

control. After 48 h, cells were serum starved for 6h and stimulated with HGF or mock treated for 

10’. Samples were stained with Phalloidin. Representative images are reported for each 

experimental condition. Arrows indicate CDRs. Scale-bar, 50µm. Right: CDRs were manually 

counted and the percentage of CDR-positive cells is reported. Data are the mean ± SD (n > 200 

cells/condition in three independent experiments). Target gene silencing was verified by qRTPCR.  

  



 
Supplementary Figure 2. RAB35 does not alter total and cell surface level of PDGFRB 

(A) Cell surface and total levels of PDGFRB are not affected by Rab35 silencing. MEFs were 

interfered for Rab35. Plasma-membrane (left) and total (middle) levels of PDGFRB were measured 

by FACS and Western blot with the indicated abs, respectively. The silencing of the target gene was 

verified by qRTPCR (right). 

(B) Cell surface and total levels of PDGFRB are not affected by RAB35 ectopic expression. 

Surface (left) and total (right) levels of PDGFRB in doxycycline-treated pSLIK-HA-RAB35 

(human)-MEFs were measured by FACS and Western blot with the indicated antibodies, 

respectively.  
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Supplementary Figure 3. Impact on CDRs of perturbing PI3K, AKT and GTP/GDP-RAB35 

cycles 

(A-B) MEFs pre-incubated with vehicle or PI3K inhibitors, LY294002 or GDC0941 were 

stimulated or mock-treated with PDGF. CDR-score was calculated by normalizing the number of 

CDR-positive cells per each condition against vehicle-treated, PDGF-stimulated samples. Scale-bar, 

30 µm. Data are mean ± SD (n = 150 cells/condition, 2 independent experiments). **p < 0.01, 
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paired Student’s t-test. AKT phosphorylation was assessed by immunoblotting. Red arrows indicate 

CDRs. 

(C) MEFs pre-incubated with vehicle or MK-2206 (AKT inhibitor) were stimulated with PDGF for 

10’ to measure CDRs (upper leftmost panels, red arrows indicate CDRs) or for 30’ in the presence 

of tetramethyl-rhodamine-dextran (lower leftmost panels) to monitor micropinocytosis. Scale-bar, 

10 µm.  CDR-score was calculated as described above (middle upper graph). Dextran uptake 

quantified as total cell fluorescence/cell (rightmost graph) is expressed as A.U. after normalizing to 

control PDGF-treated cells. Data are the mean ± SD (n= 750 cells/condition in 3 independent 

experiments). AKT phosphorylation and Vinculin levels were assessed by immunoblotting.  

(D) Serum-starved MEFs transfected with an empty or a GFP-RAB35S32N vector were stimulated 

with PDGF for 10’, and stained with phalloidin or processed for epifluorescence. Red arrows 

indicate CDRs. Asterisk indicates RAB35S22N-expressing cells. The CDR-score of RAB35S22N-

expressing and control cells was as in (C). Scale-bar, 10 µm. Data are mean ± SD (n = 50 

cells/condition, 3 independent experiments). **p < 0.01, paired Student’s t-test. Leftmost graph, 

migration toward PDGF (20 ng/ml) of GFP (Ctrl) and GFP-RAB35S22N-expressing MEFs were 

assessed in Transwell assays as described in Figure S2D and quantified as average number of GFP-

expressing cells per field ± SD (at least 8 fields of view/condition, 2 independent experiments). 

Data are the mean ± SD, ** p < 0.01.  

(E) MEFs infected with pSLIK-HA-RAB35, or –HA-RAB35A151T or -HA-RAB35F161L were 

incubated either in the absence (-Dox) or presence (+Dox) of doxycycline and monitored for 1h by 

time-lapse (Movie 16) in the absence of PDGF. The number of CDRs/cell formed in 1h is expressed 

as mean ± SEM (n = 80 cells/condition, 3 independent experiments). **p < 0.01, paired Student’s t-

test. RAB35, phosphor and total AKT Vinculin and levels were determined by immunoblotting.  

  

  



 
Supplementary Figure 4. RAB35 in cancer 

(A) RAB35 mRNA level from PC3 and DU145 cells was measured by qRTPCR analysis. 

(B) Total cell lysates from PC3 and DU145 cells were analysed by Western blot to detect total and 

phosphorylated levels of the indicated proteins. Tubulin was used as loading control.	

(p)AKT

AKT

RAB35

Tubulin

PC3 DU145

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

PC-3 DU145 

m
R

N
A 

le
ve

ls
 R

ab
35

 

C

A B Supplementary Figure 4

Cancer type
Mutation data

CNA data

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

20%

Al
te

ra
tio

n 
Fr

eq
ue

nc
y

+ + + + + + + + + + + + + + +
+ + + + + - + + + + + + + + +

Mutation
Deletion

Cross cancer alteration summary for RAB35

Prostate Adenocarcinoma

Malignant Peripheral Nerve Sheath Tumor

Mixed Cancer Types

Invasive Breast Carcinoma

Uterine Carcinosarcoma/

Uterine Malignant Mixed Mullerian Tumor

Lung Adenocarcinoma

Adrenocortical Carcinoma

Prostate Adenocarcinoma

Lung Adenocarcinoma

Prostate Adenocarcinoma

Adrenocortical Carcinoma

Prostate Adenocarcinoma

Malignant Peripheral Nerve Sheath Tumor

Prostate Adenocarcinoma

Prostate Adenocarcinoma

Amplification

0

10
20
30
40
50
60
70
80
90

100

Prostate
Adeno

Carcinoma

Class I 
Score: 0 - 0.5

Class II 
Score: 1

Class III
Score: 1.5 - 2.5

D
TMA

RAB35

RAB35

Score 2.0

Score 0.0

Prostate AdenoCarcinoma 

Score: 1.5 

Score: 1.5 
Score: 2.0 
Score: 2.5 

Prostate 
Normal 
Tissue

Total # of samples
32 56

%
 o

f t
ot

al
25 

50 

50 

37 



(C) Summary of genomic alterations of RAB35 across different human tumor types and cancer cell 

lines retrieved from The Cancer Genome Atlas at cBioPortal (http://www.cbioportal.org/). 

(D) RAB35 expression levels in normal and acinar adenocarcinoma prostate tissues. The TMA 

containing 56 prostate adenocarcinoma and 32 normal prostate tissues was used to analyse RAB35 

expression by IHC. The specificity of the antibody was tested in paraffin-included control, RAB35-

silenced or RAB35-expressing MEFs (not shown). Left: samples were scored according to the 

intensity of the staining of TMA and divided into 3 classes: class I, score = 0 – 0.5; class II, score = 

1; class III, score 1.5 – 2.5. The percentage of tumors belonging to the 3 classes is reported in the 

graph. Right: representative images of class I and class III prostate adenocarcinoma. Scale-bar, 

200µm. 

  



 
Supplementary Figure 5. Uncropped gels#1 

Please note that gels from Fig 5D and 7C are auto-radiography films  

Supplementary Figure 5-Uncropped gels#1
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Supplementary Figure 6. Uncropped gels#2 
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Supplementary Figure 7. Uncropped gels#3 
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Supplementary Figure 8. Uncropped gels#4 
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