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Online Supplementary Design and Methods

Plasmids
The following plasmids were described elsewhere: pMIG-

MLL-AF9-ires-GFP, pMSCVpgk-Hoxa9-GFP, pMSCVpac-
Meis1A, and pcDNA3-CEBPA-HA.1-3 Dr. Alan Friedman provid-
ed MigRI-CEBPA-ER. LZRS-Flag-EZH2-ER, pCMV-HA-EZH2
and lentiviral packaging plasmids, pMD2G and pAX2G were
obtained from Addgene.  Lentiviral shRNA targeting EZH2 and
pLKO.1 Scr control were purchased from Sigma, and shRNA
targeting MEN1 were purchased from Open Biosystems. The
shRNA sequences are shown below.

Lentiviral shRNA

Recombinant retroviral and lentiviral packaging 
and cell transduction

Plasmids for retroviral packaging were co-transfected with
psi-2 helper plasmid into 293T cells using the calcium chloride
precipitation method. For lentiviral shRNA packaging, scram-
bled pLKO.1 vector or specific shRNA in pLKO.1 vector were
co-transfected into 293T cells with pAX2G and pMD2G as pre-
viously described.4 The resulting recombinant virus was collect-
ed for transduction of cells by spinoculation, followed by selec-
tion in 2 μg/mL puromycin for 3 days.

Flow cytometry analysis and cell sorting
Primary leukemic splenocytes were isolated from mice 4 or 7

days after initial corn oil or tamoxifen treatment, and AT-1 cells
were harvested 6 days after 4-OHT treatment, and stained on

ice in phosphate-buffered saline with 1% fetal bovine serum
and analyzed on LSR II, FACS Calibur, or FACS Aria machines
(BD).  The antibodies used for flow cytometry are as follows:
anti-mouse Gr-1 (Ly6c/Ly6g) (Cat #557979, BD or Cat #108412,
BD), annexin V (Cat #550474, BD), anti-mouse CD117 (c-kit)
(Cat #47-1171-80, eBioscience), anti-mouse CD11b (Cat
#101228, Biolegend or Cat # 553311, BD), and anti-human
CD11b (Cat #561001, BD).

The following antibodies were used for immunoprecipita-
tion, chromatin immunoprecipitation or western blots: EZH2
(Cat#612666, BD or Cat#17-662, Millipore), C/EBPα
(Cat#2295, Cell Signaling or Cat# SC-61, Santa Cruz), IgG
(Abcam Cat#ab46540), Evi-1 (Cat #C50E12 Cell Signaling),
menin (Cat#A300-105A, Bethyl), MLL-C (Cat#ABE240,
Millipore) AF9c (Cat#A300-597A, Bethyl), H3K4m3 (Cat
#ab8580, Abcam), H3K79m2 (Cat #ab3594, Abcam), H3K27m3
(Cat #17-622 Millipore), and total H3 (Cat #ab1791, Abcam).

cDNA microarray and gene set enrichment analysis
Seven control (corn oil) samples and six Men1-excised

(tamoxifen) samples were hybridized on an Affymetrix Mouse
Gene 1.0 ST chip. The data were analyzed in the statistical
environment R for the quality analysis, the affyPLM library
available through Bioconductor (www.bioconductor.org). The gene
expression normalization and summarization were done using
RMA from the same library mentioned above. 

Principal components analysis was performed to assess simi-
larities and differences among the samples visually. We used
the Cyber-T method to identify differentially expressed genes.
A multiple testing correction was applied using the p.adjust
function.  Gene set enrichment analysis was performed to iden-
tify gene sets that were enriched in the microarray data. Gene
sets were taken from the MSigDB database.

Statistical analysis
GraphPad Prism was used for the statistical analysis.

Student’s t-test was used for most statistical analyses of signifi-
cance, except for the Kaplan-Meier analysis, which was
assessed by the log-rank test. The statistical analysis of the
microarray results is detailed above. 
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Real-time polymerase chain reaction oligos
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Online Supplementary Figure S1. Acute menin depletion causes MA9 cell differentiation in culture. (A) Gating for the Gr-1high population in AT-
1 cells 6 days after 4-OHT treatment.  (B-B) Real-time PCR analysis of Hoxa9 (B) and Meis1 (C) transcript levels in control or Men1-excised
AT-1 cells transduced with vector or overexpressing Hoxa9/Meis1.  (D) Flow cytometry analysis of CD11b cell surface expression in Scr control
and menin knockdown THP-1 cells.  (E) Real-time PCR analysis of MCSFR transcript levels in control and menin knockdown THP-1 cells.
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Online Supplementary Figure S2. Menin depletion causes MA9 cell differentiation in vivo.  (A-B) Flow cytometry analysis of control and Men1-excised
MA9 primary cells, examining c-kithigh cells in different Gr-1 populations. (C) Flow cytometry analysis of control and Men1-excised MA9 primary cells for
annexin V and DAPI staining. 
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Online Supplementary Figure S3. WT MLL depletion causes MA9 cell differentiation in vivo. (A) Methylcellulose plating of GFP+ MA9 cells treated with
corn oil or tamoxifen (TAM) in vivo 7 days after-initial treatment.  (B) FACS plot for CD11b/Gr-1 in control or WT MLL-depleted MA9 cells in vivo 7 days
after-initial TAM treatment.  (C-D) A summary of flow cytometry for Gr-1high (C) or c-kithigh (D) in control or WT MLL-depleted MA9 cells 7 days after-initial
TAM treatment.  (E) Analysis of c-kithigh cells in different Gr-1 populations in control or WT MLL-depleted MA9 cells in vivo 7 days after-initial TAM treat-
ment.  (F) Kaplan-Meier analysis of Gr-1low and Gr-1high secondary recipient mice with or without WT MLL.
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Online Supplementary
Figure S4. WT MLL deple-
tion causes MA9 cell differ-
entiation in vivo.  (A) A
schematic for Gr-1 sorting
and transplantation of MA9
cells into lethally irradiated
secondary recipients.  (B)
Genotyping for Mll excision
in Gr-1 sorted donor cells.
(C) Genotyping of spleno-
cytes from sacrificed sec-
ondary recipient mice for Mll
excision.
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Online Supplementary Figure S5.
Menin depletion causes C/EBPα
target gene upregulation in MA9
leukemia cells.  List of C/EBPα tar-
get genes significantly upregulat-
ed due to Men1 excision in Men1f/f;
Cre-ER MA9 primary cells. 

Online Supplementary
Figure S6. Menin pro-
motes EZH2 expres-
sion in MA9 cells. (A)
Real-time PCR exam-
ining Ezh2 transcript
levels in control and
Men1-excised AT-1
cells transduced with
vector or overexpress-
ing Hoxa9/Meis1. (B)
Real-time PCR for
Ezh1 and Cdkn2a tran-
script levels in control
and Men1-excised AT-1
cells. (C-D) ChIP assay
for H3K4m3 (C) and
menin (D) at the Mcsfr
promoter in control
and Men1-excised AT-1
cells.
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Online Supplementary Figure S7. EZH2 knockdown decreases THP-1 cell growth.
Growth curve for Scr control and EZH2 knockdown THP-1 cells.


