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Supplementary Materials and Methods 

Identification of screen hits: 

Each soft agar colony was individually picked, expanded, and genomic DNA was extracted from 

them. Library member(s) present in each colony was then identified by PCR amplification of 

genomic DNA using primers designed from vector (pLX304-Blast-V5) region flanking the ORF, 

followed by Sanger sequencing of PCR fragment from both directions. PCR extender polymerase 

(5 Prime) was used in amplification reactions with following cycling conditions: 93°C for 3 min; 

30 cycles at 93°C for 40 sec and 68°C for 10 min; followed by 68°C for 7 min. Following primer 

pair was used for amplification of DNA template: forward (5’-

ATATAAGCAGAGCTCTCTGGCTAACTGTCGGGATCA-3’) and reverse (5’-

GTCGACTTAACGCGCCACCGGTTAGCGCTAGCTCAT-3’). Similarly, following primer pair was used 

for sequencing of PCR amplicons: forward (5’-CTGGCTAACTGTCGGGATCA-3’) and reverse (5’-

GGGTTAGGGATAGGCTTACCA-3’). 

Vectors 

cDNA vectors. The gateway-compatible lentiviral vector, encoding V5-tagged open reading 

frame of short isoform of human MECP2 (pLX304-MECP2  e2-V5-Blast), was obtained from CCSB-

Broad Expression Library (Yang X et al, Nature Methods, 2011). Entry clone of MECP2 ORF (short 

isoform) in pDONR223 vector was obtained from ORFeome collection version 8.1. Gateway LR 

recombination reactions (Life Technologies) were carried out to move MECP2 to tagless vectors 

pLX303-Blast or pLX301-Puro (also obtained from CCSB-Broad Expression library). GFP control 

lentiviral vector (pLX304-GFP-V5-Blast) was similarly made by performing a gateway LR 

reaction between pDONR223-GFP (gift from Dr. David Root) and pLX304-Blast-V5 vectors.  
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In order to make MECP2 e1 construct, MECP2 was PCR amplified from pLX304- MECP2  e2DNA 

template, using the following primers: MECP2LFattB1 forward (5’-

GGGGACAACTTTGTACAAAAAAGTTGGCACCATGGCCGCCGCCGCCGCCGCCGCGCCGAGCGGAGGAGG

AGGAGGAGGCGAGGAGGAGAGACTGGAAGAAAAGTCAGAAGACCAGGACCT-3’) and MECP2attB2 

reverse (5’-GGGGACAACTTTGTACAAGAAAGTTGGCAAGCTAACTCTCTCGGTCACGGGCGTC-3’). 

The PCR product was used in a standard gateway BP reaction (Life technologies) to produce an 

entry clone, which was confirmed by sequencing. 

The MECP2 isoforms were also cloned into doxycycline inducible, lentiviral cDNA expression 

vector (pINDUCER20) using a gateway LR reaction (1). The mutant KRAS (KRASV12) was similarly 

cloned into pLX303-Blast vector by performing a gateway LR reaction with pDONR223-KRASV12 

(purchased from Addgene). Retroviral vectors encoding hTERT (pBABE-hygro-hTERT and pMIG-

hTERT), SV40 early region (pBABE-neo largeTgenomic) and HRASV12 (pBABE-puro H-RASV12) 

were gifts from Dr. William Hahn (DFCI).  

Construction of MECP2 mutants. MECP2 mutant entry clones were produced from pLX304- 

MECP2  e2 DNA template by PCR amplifying two MECP2 fragments for each mutant construct, 

one with the attB1 sequence at the 5’-end and the point mutation of interest at the 3’-end and 

one containing the point mutation at the 5’-end and the attB2 sequence at the 3’-end. These 

products were used in a gateway BP reaction following standard protocols and mutations were 

confirmed by sequencing. The primer sequences used are as follows: MECP2attB1 forward (5'-

GGGGACAACTTTGTACAAAAAAGTTGGCACCATGGTAGCTGGGATGTTAGGGCT-3’), MECP2attB2 

reverse (5’-GGGGACAACTTTGTACAAGAAAGTTGGCAAGCTAACTCTCTCGGTCACGGGCGTC-3’), 

MECP2R106W (forward: 5'- GCCTGAAGGCTGGACATGGAAGCTTAAGCAAAG-3’; reverse: 5’-

CTTTGCTTAAGCTTCCATGTCCAGCCTTCAGGC-3’), MECP2R111G (forward: 
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5’- GGACACGGAAGCTTAAGCAAGGGAAATCTGGCCGCTC-3’; reverse: 5’-

GAGCGGCCAGATTTCCCTTGCTTAAGCTTCCGTGTCC-3’), MECP2R133C (forward: 5’-

CCCCAGGGAAAAGCCTTTTGCTCTAAAGTGGAGTTG-3’; reverse: 5’-

CAACTCCACTTTAGAGCAAAAGGCTTTTCCCTGGGG-3’), MECP2F155S (forward: 

5’- CCCTGGACCCTAATGATTCTGACTTCACGGTAACTGG-3’; reverse: 5’- 

CCAGTTACCGTGAAGTCAGAATCATTAGGGTCCAGGG-3’), MECP2R294X (forward: 5’-

GAAGGAGTCTTCTATCTGATCTGTGCAGGAGACCG-3’; reverse: 5’ 

CGGTCTCCTGCACAGATCAGATAGAAGACTCCTTC-3’). All these mutants were moved from 

pDONR223 backbone to pLX303 lentiviral vector by carrying out gateway LR reactions.  

shRNA vectors. All shRNA-encoding pLKO.1 lentiviral vectors were obtained from the RNAi 

consortium. The sequences targeted by MECP2-specific shRNAs are as follows: shMECP2#1 

(TRCN0000021242, NM_004992.2-1400s1c1, 5’-CGTCTGCAAAGAGGAGAAGAT-3’), shMECP2#2 

(TRCN0000330971, NM_004992.3-1593s21c1, 5’-GAGAGCGCAAAGACATTGTTT-3’), 

shMECP2#3’UTR (TRCN0000330972, NM_004992.3-1766s21c1, 5’-

TGACAAAGCTTCCCGATTAAC-3’). The sequence targeted by KRAS-3’UTR shRNA is: 

shKRAS#3’UTR (TRCN0000010369, NM_004985.x-1160s1c1, CAGTTGAGACCTTCTAATTGG). The 

sequence of luciferase control shRNA is: shLUC (TRCN0000072243, 5’-

CTTCGAAATGTCCGTTCGGTT-3’).  

Virus production 

Replication-incompetent retrovirus particles were produced by transient co-transfection of 

transfer vector together with gag-pol (pMD.MLV) and VSV-G (pHDM.G) packaging plasmids into 

293T cells using polyfect transfection reagent (Qiagen). Similarly, replication-incompetent and 

self-inactivated lentivirus particles were produced by transient co-transfection of transfer vector 
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together with gag-pol (pHDM.Hgpm2), rev (pRev), tat (pTat), and VSV-G (pHDM.G) packaging 

plasmids into 293T cells using TransIT-LT1 transfection reagent (Mirus). Supernatants were 

collected twice after 48 and 72 hours of transfection, pooled, and concentrated by 

ultracentrifugation. Virus titer was estimated in U2OS cell line by counting the number of 

selection antibiotic-resistant colonies from cells infected with six, 10-fold serial dilution series of 

concentrated virus stock.  

Cell culture 

Human mammary epithelial cells (HMECs) were maintained in mammary epithelial growth 

medium (MEGM) (Lonza) and breast primary epithelial cells (BPECs) were maintained in WIT 

medium (prepared in-house). All lung and ovarian cancer cell lines were cultured in RPMI-1640 

(Life Technologies) supplemented with 10% FBS (Life Technologies) and 1% penicillin-

streptomycin (Life Technologies). Among breast cancer cell lines, MDAMB453, MDAMB231, 

ZR75-1, and MCF7 were cultured in DMEM (Life Technologies) supplemented with 10% FBS and 

1% penicillin-streptomycin; BT549, MDAMB468, and T47D were cultured in RPMI-1640 (Life 

Technologies) supplemented with 10% FBS and 1% penicillin-streptomycin; HCC38 was 

cultured in RPMI(ATCC) supplemented with 10% FBS and 1% penicillin-streptomycin; BT20 

cells were grown in EMEM (ATCC) supplemented with 10% FBS and 1% penicillin-streptomycin. 

Any cell line carrying doxycycline inducible expression vector(s) were maintained in medium 

supplemented with TET Free FBS (Omega scientific).  

Generation of stable HMEC derivatives 

HMECs were infected with pBABE-hygro-hTERT retrovirus in the presence of polybrene (8 

μg/ml; Sigma) to introduce hTERT, and selected with hygromycin (50 μg/ml; Roche). The 

resultant population of cells were then similarly infected with pBABE-neo largeTgenomic 
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retrovirus to introduce SV40 early region encoding both large T and small t antigen, and selected 

with G418 (200 μg/ml; Fisher Scientific). These stably transduced polyclonal cell populations are 

designated as “N minus RAS HMECs cells”; they do not grow in soft agar and do not form tumor 

in immunodeficient mice until complemented with transforming oncogene such as activated-

RAS. 

The N minus RAS HMECs were infected with either pLX303-MECP2 e1 or pLX301- MECP2 e2 

lentivirus (at MOI=0.3) and selected with blasticidin (5 μg/ml; Life Technologies) or puromycin 

(2 μg/ml; Sigma) to obtain cell population overexpressing e1 or e2 isoform, respectively. In 

addition, those cells already carrying pLX303-MECP2 e1 construct were further infected with 

pLX301-MECP2 e2 lentivirus (at MOI=0.3) and selected with puromycin (2 μg/ml) to obtain cell 

population overexpressing both isoforms of MECP2. The N minus RAS HMECs were also infected 

with pLX304-GFP lentivirus and selected with blasticidin to generate GFP-negative control cells, 

and infected with pBABE-puro H-RASV12 retrovirus and selected with puromycin to generate 

RAS-positive control cells.  

Soft agar assay 

Soft agar assays were carried out in 6-well format in triplicates. Cells transduced with 

overexpression vectors were selected with respective antibiotic for stable expression before 

plating in soft agar. A total of 3×104 cells were resuspended in 1 ml of 0.3% Noble agar (Difco) 

containing MEGM (for HMEC derivatives) or WIT medium (for BPEC derivatives), and plated on 

top of 2.5 ml bottom layer of 0.6% Noble agar in DMEM (without serum). The cells were fed with 

250 μl of medium per well twice a week and the colonies were counted after 3 weeks of growth. 

Briefly, the colonies were stained with 0.01% crystal violet (Sigma) solution for 2 hours, images 
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of each well were taken at ×7.5 magnification on Nikon SMZ1500 microscope with Spot Flex 

camera and spot advanced software, and colony numbers counted with ImageJ software (NIH).   

Tumorigenesis assay 

Six weeks old, female nude mice (CrTac:NCR-Foxn1<nu>, Taconic) were irradiated  with one 

dose of 400 rads of gamma radiation twelve hours prior to injection. A total of 2×106 cells 

(HMECs) or 1×106 cells (BPECs) from each experimental group were resuspended in 100 μl PBS 

mixed with 100 μl Matrigel (BD Biosciences#354234), and injected subcutaneously into each 

flank with a 25-gauge needle. Tumor development was monitored for 6 months after injections. 

Tumor samples were fixed in Bouin’s solution, and submitted to rodent histopathology division 

of DF/HCC Research Pathology Core for further processing. H&E-stained slides were examined 

by board certified pathologists. 

Rescue of RAS knockdown by MECP2 

RAS-addicted lung cancer cell line H358 (carrying KRASG12C mutation) was used to assess the 

ability of MECP2 to rescue RAS knockdown. H358 cells were infected (at MOI=5) with 

doxycycline-inducible lentivirus pINDUCER20, carrying each isoform of MECP2 (alone or 

together), and selected with G418 (300 μg/ml). MECP2 expression was induced in these cells for 

two weeks with low (12 ng/ml) or high (500 ng/ml) concentration of doxycycline. Parental cells 

were also similarly infected with pLX303 lentivirus constitutively expressing KRASV12, and 

selected with blasticidin (5 μg/ml) for stable expression. Uninfected H358 cells, cells expressing 

MECP2 (each or both isoforms) and treated with no, low or high concentration of doxycycline, 

and cells expressing activated-KRASV12 were plated in 4 replicates in 96-well format at the 

seeding density of  6000 cells/well for 24 hours. These cells were infected with either validated-

shRNA against KRAS-3’UTR (designated as “K-Ras” shRNA in original study; see main 
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manuscript) or control shRNA against luciferase (at MOI=5) for 6 hours in the presence of 

polybrene (8 μg/ml), and selected with puromycin (2 μg/ml) after 48 hours of infection. Cell 

viability was determined by measuring cellular ATP content by CellTiter-Glo Luminescent Cell 

Viability Assay (Promega) after 10 days.  

shRNA-infection of lung and breast cancer cell lines 

Lung and breast cancer cell lines were seeded in 6-well format at the density of 3×105 cells/well 

for 24 hours, and infected on the next day with shRNAs against MECP2 or luciferase (at MOI=5) 

for 6 hours in the presence of polybrene (8 μg/ml). Knockdown in protein level was assessed by 

western blot after 72 hours of infection.  To evaluate phenotypic response, shRNA-infected cells 

were selected with 2 μg/ml puromycin 48 hours post-infection, and grown until day 12.  

Adherent cells were then stained with 0.1% crystal violet, photographed, and cell-associated dye 

was extracted with 10% (v/v) acetic acid (Fisher), followed by measurement of absorbance at 

595 nm on DU640 spectrophotometer (Beckman).  

Rescue of MECP2 knockdown 

MECP2-dependent lung cancer cell line NCI-H1755 was used for rescue of MECP2 knockdown. 

Cells were infected with either pLX303-MECP2 e1 or pLX301-MECP2 e2 lentivirus (at MOI=0.3) 

and selected with blasticidin (5 μg/ml) or puromycin (2 μg/ml; Sigma) to obtain cell population 

overexpressing e1 or e2 isoform, respectively. In addition, those cells already carrying pLX303- 

MECP2 e1 were further infected with pLX301- MECP2 e2 lentivirus (at MOI=0.3) and selected 

with puromycin (2 μg/ml) to generate a population of NCI-H1755 cells overexpressing both 

isoforms of exogenous MECP2. Parental cells were similarly infected with GFP-encoding pLX304-

GFP lentivirus as experimental control. Cells carrying GFP or MECP2 (either or both isoforms) 

were plated in triplicates in 24-well format at 2×104 cells/well for 24 hours, and infected with 
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shRNA against MECP2-3’UTR or control shRNA against luciferase (at MOI=5) for 6 hours in the 

presence of polybrene (8 μg/ml). After 7 days, these cells were stained with 0.1% crystal violet, 

cell-associated dye was extracted with 10% acetic acid, and optical density was measured at 595 

nm on a spectrophotometer.  

Western Blot 

Cells were washed with ice cold PBS, and lysed in RIPA buffer (Boston Bioproducts) (50 mM 

Tris-Hcl pH 7.4, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, and 0.1% sodium dodecyl 

sulfate) supplemented with protease inhibitors (Roche) and phosphatase inhibitors (10 mM 

sodium fluoride and 2 mM sodium orthovanadate; New England Biolabs). For assays involving 

MAPK pathway activity, HMEC derivatives from all experimental groups were seeded at 7.5×105 

cells/10 cm plate 24 hours prior to growth factor deprivation, washed three times with PBS, 

reset in growth factor-deprived medium (MEBM) at 37°C for 5 minutes or longer, and then lysed 

as described above. Each plate was handled separately, staggered in time, and serum starved for 

exactly 5 minutes.  For assays involving PI3K pathway activity, HMEC derivatives were similarly 

seeded, washed three times with PBS, starved in MEBM for 4 hours, treated with EGF (2.5 ng/ml; 

Sigma) at 37°C for 15 minutes, and then lysed as described above. Cell lysates were cleared by 

centrifugation and quantified by BCA protein assay kit (Thermo). Proteins were resolved by SDS 

gel electrophoresis on NuPage Novex 4-12% Bis-Tris gradient gels (Life Technologies), 

transferred onto nitrocellulose membrane and probed with one of the following antibodies: 

MECP2 (Abcam#ab50005), MECP2 (Abcam#ab2828), phospho-MEK1/2 (S217/221, Cell 

signaling#9154), MEK1/2 (Cell signaling#9126), phospho-ERK1/2 (T202/Y204, Cell 

signaling#4377), ERK1/2 (Cell signaling#9102), phospho-ELK1 (S383, Cell signaling#9181), 

phospho-p90RSK (T359/S363, Cell signaling#9344), phospho-AKT (S473, Cell signaling#9271), 
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AKT (Cell signaling#4691), phospho-S6 (S235/S36, Cell signaling#2211), S6 (Cell 

signaling#2217), phospho-4EBP1 (T37/46, Cell signaling#9459), 4EBP1 (Cell signaling#9452), 

PAK3 (Millipore#04-395), Actin (Sigma#A2066), Vinculin (Sigma#SAB4200080), V5 (Life 

Technologies#R960-25). All immunoblots were visualized by chemiluminescence.  

Ras activation assay 

HMEC derivatives were washed three times with PBS, reset in MEBM at 37°C for 5 minutes, and 

then lysed in Mg2+ lysis buffer (MLB) (Millipore) (25 mM HEPES, pH 7.5, 150 mM NaCl, 1% Igepal 

CA-630, 10% glycerol, 10 mM MgCl2, 1 mM EDTA, 1 mM sodium orthovanadate, 25 mM sodium 

fluoride, 10 μg/ml leupeptin, 10 μg/ml aprotinin). The GTP-bound RAS was pulled down from 1 

mg total protein using Ras activation assay kit (Millipore), per manufacturer recommendation.  

 

Bioinformatic Analysis 

Datasets 

From the TCGA data portal, dbGap accession no. phs000178.v5.p5, we obtained raw Affymetrix 

SNP6 genotyping data, RSEM normalized RNAseq data, and clinical information for breast, lung, 

ovarian and endometrial cancer.  

Data processing  

All data analyses for Figures 1C and S1 A and S1B were performed in the R statistical 

environment, version 3.1. Affymetrix SNP6 data from paired tumor-normal samples were 

normalized and preprocessed using the Aroma Affymetrix CRMAv2 algorithm (2), and the B-

allele fraction (BAF) was adjusted using the CalMaTe and TumorBoost algorithms (3, 4). Tumor 
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copy number aberrations, ploidy and normal cell contamination was determined using ASCAT 

(5).  

Data analysis 

To compare multiple groups, one-way ANOVA (followed by post hoc Dunnett’s multiple 

comparison test) was used and p<0.05 was considered statistically significant. To compare two 

groups, student’s t test was used and p<0.05 was considered statistically significant. Values are 

expressed as mean ±SD, unless otherwise stated. 

Total copy number of the MECP2 gene was based on the average copy number of the most 

telomeric 2 MB on the q-arm of X chromosome. Allelic imbalance status was inferred by 

comparing the major and minor alleles on the exact positions of MECP2. Ploidy of the X 

chromosome was determined as the average copy number across the chromosome, minus the 

most telomeric 2 MB on the q-arm of X chromosome. Threshold for loss and gain set at 1.5 and 

2.5 copies. Correlation between MECP2 expression and copy number determined using 

Spearman’s Rank correlation coefficient. 
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