Material and Methods 

Animals

All mice used in this study were housed in a sterile barrier facility approved by the IUCAC at the Beth Israel Deaconess Medical Center. C/EBPa conditional knockout (C/EBPaloxP/loxP) and Mx1-Cre mice have been described previously 19. Cre-mediated site-specific recombination of the loxP cassettes was induced by intraperitoneal polyinosine-polycytidylic acid (pIpC, Sigma) injection. Doses up to 30(g/g mouse weight were given every other day for a total of three doses. C/EBPaloxP/loxP mice lacking the Cre gene were treated in the same way and used as controls. The excision of C/EBPa loxp allele was analyzed by PCR using genomic DNA isolated from single-cell suspensions of bone marrow, spleen, thymus or sorted hematopoietic stem or progenitor cells. PCR was performed with the following primers: 5'-GCC TGG TAA GCC TAG CAA TCC T-3' (sense primer) and 5'-TGG AAA CTT GGG TTG GGT GT-3' (antisense primer), which gave rise to a 400 bp band for the excised allele. Annealing temperature was 60°C. 

Flow cytometry.

Single-cell suspensions from various organs were analyzed by flow cytometry using the following monoclonal antibodies (mAbs) conjugated with phycoerythrin (PE), PE-CY7, fluorescein isothiocyanate, allophycocyanin (APC), APC-Cy7 or eFluor 450 obtained from BD Pharmingen (BD), BioLegend (San Diego, CA) or eBioscience (San Diego, CA): Mac-1/CD11b (M1/70), Gr-1 (8C5), CD3 (KT31.1), CD4 (GK1.5), CD8 (53-6.7), B220 (RA3-6B2), CD19 (1D3), TER119 (TER-119), Sca1 (E13-161-7), c-Kit (2B8), CD16/32 (2.4G3), Thy-1.2 ( 53-2.1), CD135 (AF2 10.1), CD48 (HM48-1), CD45.1 (A20), CD45.2 (104), and CD150 (TC15-12F12.2). Stained cells were analyzed with an LSRII flow cytometer (BD Biosciences, San Jose, CA) or FACSAria (BD Biosciences, San Jose, CA) and sorted using a FACSAria. Viable cells were identified by propidium iodide exclusion. The same numbers of total bone marrow cells are taken from C/EBPa KO and control bone marrow for HSC analysis. Diva software (BD) and FlowJo (Tree Star) was used for data acquisition and analysis, respectively. 

 qPCR

RNA was extracted by Trizol and the RNeasy kit (Qiagen), reverse transcribed using Superscript First-Strand Synthesis System, and quantitatively assessed using a Rotor-Gene 6000 Real-time PCR machine (Corbett) with primers described elsewhere 6,28,38. The specificity of the qPCR reactions was confirmed by examining the melting curves of the products and the presence of a single band of the expected size on 2% agarose gels. For each sample, transcript levels of tested genes were normalized to the glyceraldehyde 3-phosphate dehydrogenase (gapdh). 

For the experiment shown in Figure 6c, C/EBPa KO KSLs were sorted and transduced with either MIG or MIG-C/EBPa. The mRNA level of C/EBPa and N-Myc in sorted GFP+ population were measured 48 hours after infection.

Cell cycle analysis

Mice were given a single intraperitoneal injection of 5-bromodeoxyuridine (BrdU) (100ug BrdU/g mouse weight) and then maintained on 0.8mg/ml BrdU in the drinking water for 14 or 20 hours prior to sacrifice. SLAM+ KSLs were double FACS-sorted from mouse bone marrow. BrdU incorporation was measured by flow cytometry using a APC BrdU Flow Kit (BD Pharmingen) according to manufacturer's instructions. For Hoechst/Pyronin Y staining, purified hematopoietic stem and progenitor cells were suspended in phosphate-citrate buffer solution with 0.02% saponin for permeabilization, and then incubated with Hoechst 33342 (Invitrogen) and Pyronin Y (Sigma-Aldrich) as previously described 39.

For the experiment shown in Figure 6f and 6h, KSLs from C/EBPa deficient mouse bone marrow 2 weeks following pIpC injections or Mac1low KSLs from FL were transduced by pLKO.1-neo lentiviruses containing control luciferase shRNA (gift from Dr. Gary Gilliland) and N-Myc shRNAs (Sigma, MISSION shRNA TRCN000004254 and TRCN000004253) immediately. Sixteen hours post-transduction, transduced cells were selected by puromycin (2 ug/ml) for 36 hours. Cells then were collected and subjected to Hoechst 33342/Pyronin Y staining for cell cycle analysis. Recombinant murine cytokines (PeproTech) were present in the following concentrations: SCF 100 ng/mL, TPO 100 ng/mL and IL-3 10 ng/mL. 

Limiting dilution long-term competitive reconstitution assay

SLAM+KSLs or total bone marrow cells were collected from CD45.2+ Mx1-Cre- C/EBPaloxP/loxP or Mx1-Cre+ C/EBPaloxP/loxP mice 1 week following pIpC injections, then the number of cells to be injected per mouse (6 and 12 SLAM+ KSLs or 5 000, 20 000 and 50 000 bone marrow cells) was sorted into individual wells of a 96-well plate containing 2x105 CD45.1+ or CD45.1+CD45.2+ whole bone marrow cells in PBS. The contents of individual wells were injected into the retroorbital venous sinus of lethally irradiated CD45.1+ recipients (600 rads twice with a 3-hour interval). Peripheral blood was obtained from each mouse each month after transplantation for at least 6 months and analyzed by FACS. Cells were stained with anti-CD45.2 and CD45.1 antibodies to distinguish donor-derived cells from the host cells, as well as lineage specific antibodies Mac1, Gr1, B220 and CD3 to identify myeloid, B and T lineages. A recipient mouse was considered positive if CD45.2+CD45.1- cells are present in myeloid and/or B and T cells and as well comprise more than 0.3% of the cells in the peripheral blood. 

Bone marrow transplant experiments

For the experiment shown in Figure 2a, 2x106 bone marrow   cells from either non-pIpC treated Mx-Cre+ C/EBPaloxP/loxP mice or Mx-cre- C/EBPaloxP/loxP mice were transplanted via retroorbital injection into lethally irradiated Mx-cre- C/EBPaloxP/loxP or Mx-Cre+C/EBPaloxP/loxP mice. After verifying chimerism by assessing presence of the Cre gene (using DNA from peripheral blood or mouse tail), recipient mice were injected with pIpC four months after transplantation. Percentage of KSLs in bone marrow was studied 14 days after the end of the pIpC treatment.

For the experiment shown in Figure 2e, 6X105 non-pIpC–injected bone marrow cells from CD45.2+ Mx-Cre- C/EBPaloxP/loxP control mice or CD45.2+ Mx-Cre+ C/EBPaloxP/loxP conditional knockout mice were mixed with 2.4X106 wild type CD45.1+ bone marrow cells and transplanted into lethally irradiated CD45.1+ congenic recipients. Chimerism from both CD45.1/2 donors was verified by FACS analysis of peripheral blood. Three recipients from each group were injected with pIpC (three times) two months following reconstitution. Chimerism of KSLs was studied 7 days after the end of the pIpC treatment.

Microarray analysis

SLAM+KSL cells were sorted from E15.5 FL and from adult C/EBPa KO and control mouse bone marrow 7 days or 21 days after pIpC treatment. Total RNA was isolated using an RNeasy microkit (QIAGEN) and treated with RNase-free DNase (QIAGEN). A total of 5ng of purified total RNA was amplified using the Ovation Pico WTA System V2 (Nugen), and biotinylated with the FL-Ovation Biotin Module Version 2 (Nugen), according to the supplied protocol. cDNA was then hybridized to Affymetrix mouse expression array 430A2.0 chips by the NUS-Duke genomic facility. Expression values for all genes were calculated using the robust multi-array average (RMA) method 40. Gene expression was normalized between chips based on the cross correlation method 41. For the identification of genes with differential expression between groups, fold change cutoff (>=1.5) and p-value cutoff (<=0.05) were used for differential expression. Gene sets were tested for enrichment for C/EBPa knockout versus control using gene set enrichment analysis (GSEA)42. HSC proliferation and quiescence gene sets were curated from Venezia et al26 , and FL HSC-specific gene set was from He et al27. Enriched pathway analysis using IPA was performed for the differentially expressed genes upon the loss of C/EBPa. In addition to the collections of pathways and gene sets in the IPA database, we also included a few putative target gene sets in enriched pathways analysis. Student t-statistics was used for identification of differential expression, while P values for the enriched pathway analysis were calculated based on Fisher exact test and further corrected using the Benjamini & Hochberg method. Results for gene set analysis were filtered for statistical significance using a nominal p value threshold of 0.05.

Luciferase assay

The full length ~1.1 kb murine N-Myc promoter, extending from bp-986 to +105 relative to the major N-Myc transcription start site, and two deletion mutants were amplified by PCR of BL6 mouse genomic DNA and cloned into the pXP2 luciferase reporter vector. HEK293 cells were co-transfected with luciferase reporter constructs, C/EBPa expression construct and Renilla luciferase construct for standardization. Luciferase assays were performed using the Dual Luciferase Reporter Assay System (Promega) and normalized to Renilla activity according to the manufacturer's instructions.
ChIP assay

Lin-c-kit+ bone marrow cells (106 for each antibody) were used to crosslink chromatin using the protocol from Millipore (Milton Keynes, UK), with minor modifications. Briefly, cells were incubated in 1% formaldehyde for 10 min at room temperature. Glycine (0.125 M) was added to stop crosslinking. Crosslinked chromatin was sonicated for 150 s at 30% amplitude (Branson

Digital Sonifer, Danbury, CT). Polyclonal antibodies raised against C/EBPa (Santa Cruz) and the IgG control (Millipore) were used in the assay. DNA was purified by phenol– chloroform extraction, and specific regions were amplified by qPCR. Primers used were the following: Forward: 5’- CACAAAGAGGCCAAATTAATGATGG-3’, and Reverse: 5’- TCGCGGAGA CCAAGCAGAA-3’.
Statistical Analysis

CRU frequencies were calculated with L-Calc software (StemCell Technologies) using Poisson statistics and the method of maximum likehood to the proportion of negative recipients in a limiting dilution setting. The statistical differences in frequencies between paired sets of limiting dilution analyses were assessed on the basis of the asymptotic normality of the maximum likelihood estimates and calculated using Chi-square test. Otherwise, the statistical significances were assessed by Student’s unpaired t test; *p<0.05; **p<0.01; ***p<0.005.

Supplemental Data

The supplemental data include 6 figures and 5 tables.

GEO accession number for the microarray data is GSE42234.

