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Keller MA, Addya S, Vadigepalli R, Banini B, Delgrosso K,
Huang H, Surrey S. Transcriptional regulatory network analysis
of developing human erythroid progenitors reveals patterns of
coregulation and potential transcriptional regulators. Physiol
Genomics 28: 114-128, 2006. First published August 29, 2006;
doi: 10.1152/physiolgenomics.00055.2006.—Deciphering the molecu-
lar basis for human erythropoiesis should yield information benefiting
studies of the hemoglobinopathies and other erythroid disorders. We
used an in vitro erythroid differentiation system to study the devel-
oping red blood cell transcriptome derived from adult CD34+ hema-
topoietic progenitor cells. mRNA expression profiling was used to
characterize developing erythroid cells at six time points during
differentiation (days 1, 3, 5, 7, 9, and 11). Eleven thousand seven
hundred sixty-three genes (20,963 Affymetrix probe sets) were ex-
pressed on day I, and 1,504 genes, represented by 1,953 probe sets,
were differentially expressed (DE) with 537 upregulated and 969
downregulated. A subset of the DE genes was validated using real-
time RT-PCR. The DE probe sets were subjected to a cluster metric
and could be divided into two, three, four, five, or six clusters of genes
with different expression patterns in each cluster. Genes in these
clusters were examined for shared transcription factor binding sites
(TFBS) in their promoters by comparing enrichment of each TFBS
relative to a reference set using transcriptional regulatory network
analysis. The sets of TFBS enriched in genes up- and downregulated
during erythropoiesis were distinct. This analysis identified transcrip-
tional regulators critical to erythroid development, factors recently
found to play a role, as well as a new list of potential candidates,
including Evi-1, a potential silencer of genes upregulated during
erythropoiesis. Thus this transcriptional regulatory network analysis
has yielded a focused set of factors and their target genes whose role
in differentiation of the hematopoietic stem cell into distinct blood cell
lineages can be elucidated.

erythropoiesis; hematopoietic progenitor; transcriptional regulation;
expression profiling

THE HUMAN ERYTHROID CELL develops from a hematopoietic
progenitor cell (HPC) in the adult bone marrow and can be
used as a model to identify critical steps in cell fate determi-
nation. Circulating peripheral blood contains a small number of
HPCs that can be isolated and differentiated in vitro. The
erythroid cell, once mature, transports oxygen via hemoglobin,
which contains two a- and two B-like globin chains coordi-
nated with a heme moiety for oxygen binding and delivery. In
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humans, expression of globin genes is under developmental
control, with different a- and 3-like globin chains expressed in
a temporal fashion (for review, see Ref. 49a). Studies of the
erythroid transcriptome in the context of hemoglobinopathies,
a common class of diseases involving these genes, will offer
insight into the regulation of globin gene expression. Creation
of a model system that recapitulates erythropoiesis in the
normal adult will allow dissection of the red cell and globin
gene expression program. One consequence of these studies
may be insights regarding reactivation of the fetal globin (Hb
F) program, which may be of clinical benefit for patients with
sickle cell disease and -thalassemia.

Human HPCs, characterized by surface expression of CD34,
have been used to study erythroid differentiation in vitro.
CD34+ cells can be differentiated from bone marrow, fetal
liver, cord and/or peripheral blood samples in semisolid and/or
liquid cultures. Liquid culture systems yield relatively pure,
reasonably synchronized erythroid cells recapitulating the de-
velopmental program in vivo (29, 37, 39, 47, 51). The early
erythroid progenitors (burst-forming units, erythroid; or BFUe)
proliferate and develop into colony-forming units, erythroid
(CFUe), which divide and give rise to proerythroblasts, ortho-
chromatic normoblasts, and enucleated erythrocytes. These
systems generate sufficient material for molecular analysis,
having been used to study accumulation of a limited number of
mRNAs including globins, transcription factors, and cytokine
receptors (47). Earlier studies showed fetal bovine serum
(FBS)-induced Hb F in cultures from adults (37); thus we
implemented a single-phase, serum-free, liquid culture system
in which to differentiate CD34+ HPCs into erythroid progen-
itors. This system allows adult-derived HPCs to mature into
erythroid progenitors that have downregulated fetal hemoglo-
bin expression, thus recapitulating all the initial steps in ery-
throid development.

Genome-wide expression profiling allows insights into de-
velopment of normal cell types. Recent studies focused on
defining transcriptomic profiles of various human stem cell
sources [bone marrow, cord blood, granulocyte-colony stimu-
lating factor (G-CSF)-mobilized peripheral blood CD34+
cells] and subsets (CD34+Lin— and CD34+Lin+) (3, 13, 17,
33, 41, 50, 56) to better understand distinctions between these
cell populations as well as examine the effects of stroma (57),
both of which are important and relevant to studies of human
transplantation. Examinations of the erythroid transcriptome
have involved use of embryonic stem cell-derived erythroid
colonies (62), long-term cultured murine FDCP-mix cells (8),
the GIE-ER4 GATA-1-null cell line (58), retrovirally trans-
duced CD34+ cells (10), and our studies and those of others
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using the K562 chronic myelogenous leukemic cell line to
model erythroid differentiation (1, 29, 39, 64). More recently,
studies of in vitro erythroid differentiation of human bone
marrow-derived HPCs were performed (27); however, the in
vitro culture medium contained FBS, such that the regulation
of the globin program in this setting may not be reflective of
the in vivo environment. If erythroid differentiation and globin
gene regulation are to be understood at the transcriptional
level, transcriptome analysis must be performed sequentially
during erythroid differentiation under conditions that recapit-
ulate the in vivo globin gene expression program. In the
present study, the changing transcriptome of in vitro differen-
tiated erythroid progenitors from adult peripheral blood was
examined using a culture system optimized to yield adult-
derived erythroid progenitor cells expressing low Hb F. In this
setting, we performed a bioinformatic characterization of the
transcriptome at six time points during red cell development,
allowing us to examine the expression patterns of known
regulators of developmentally controlled globin programs and
to trace their role during early erythroid development.

In the present study, we analyzed expression profiles in
timed samples during erythroid differentiation, following an
unbiased approach to define the minimal number of statistically
significantly distinct clusters of coregulated genes across this
time course. To overcome limitations of available clustering
algorithms such as K-means clustering (52) and self-organizing
maps (53), in which data sets are arbitrarily fit to a user-defined
number of clusters, we used the silhouette coefficient (SC)
metric to separate the differentially expressed (DE) set into
clusters distinct from randomly permuted expression data (45).
Then, we analyzed the promoters of these 1,504 DE genes,
unclustered or divided into two, three, four, five, or six clusters,
for enrichment or overrepresentation of transcription factor
binding sites (TFBS) compared with a reference gene set using
transcriptional regulatory network analysis (TRNA). We used
our promoter analysis and interaction network toolset (PAINT)
software (Ref. 54; http://www.dbi.tju.edu/dbi/tools/paint),
which automates promoter retrieval and mining of existing
databases for known regulatory information for a large number
of genes identified in a particular biological experiment. Using
this analysis, we identified enriched TFBS in the DE gene set
as a whole as well as at the level of two, three, four, five, or six
clusters of DE genes. The list of candidate regulators includes
GATA, whose role in erythroid development has been well
documented, PITX and ATF, whose functions in red cell
development were identified only recently, and Nkx2.5 and
Ecotropic virus integration site-1 (Evi-1), which have not been
implicated previously in this process.

EXPERIMENTAL PROCEDURES
Isolation of Mononuclear Cells from Peripheral Blood

Use of buffy coat specimens from the Thomas Jefferson Blood
Center was approved by the Thomas Jefferson University (TJU)
Institutional Review Board. Buffy coat (~40 ml) from 500 ml of
peripheral blood was diluted 1:1 (vol/vol) with phosphate-buffered
saline (PBS), pH 7.4, and gently layered on Ficoll-Hypaque (density
1.077 g/ml). Tubes were centrifuged (600 g, 15 min) at room tem-
perature without applying the brake. The interphase was isolated,
diluted with PBS, and centrifuged (~300 g, 5 min), and the mono-
nuclear cell pellet was washed twice with PBS. The yield of mono-
nuclear cells was generally 2-5 X 10® cells/buffy coat.

Isolation of CD34+ Cells, Erythroid Culture, and Cell Staining

Washed mononuclear cells (2 X 10% to 5 X 10® cells) were
resuspended in 1 ml of PBS containing 2% (vol/vol) FBS and 1 mM
EDTA in 12 X 75-mm polystyrene round-bottom tubes (BD, Franklin
Lakes, NJ). EasySep CD34+ Positive Selection kit was used, as per
the manufacturer’s instructions (Stem Cell Technologies, Vancouver,
BC, Canada). Purified CD34+ cells were cultured for 1 day in
DMEM containing 20% (vol/vol) serum substitute (Stem Cell Tech-
nologies), 2 mM glutamine, 100 wg/ml each penicillin and strepto-
mycin, 107> M B-mercaptoethanol, 0.3 mg/ml holo-transferrin, 10
ng/ml IL-3, 10 ng/ml stem cell factor, and 4 U/ml erythropoietin. At
day 1, nonadherent cells (1 X 10* cells /ml) were transferred to new
flasks and cultured for up to 14 consecutive days at 37°C in 5% CO».
At days 7 and 10, cultures were supplemented with 2 ml of complete
medium. The cells were harvested at the following time points: days
1,3,5,7,9, and 1. Each of three samples was pooled from three
cultures for days 1 and 3 (from a total of 9 donors), while HPCs from
three different donors were used to generate timed cell harvests at
days 5,7, 9, and 11. Cytospins were performed on days 1, 3, 5, 7, 9,
and /17, and cell morphology assessed by Giemsa staining (36).

Benzidine Staining

PBS-washed cells were stained in a benzidine solution containing
0.6% (wt/vol) benzidine base, 2% (vol/vol) hydrogen peroxide, and
12% (vol/vol) acetic acid. At least 500 cells were counted at each time
point using a light microscope to assess the percentage of cells that
appeared blue because of staining of heme-containing globin tetramers.

Protein Analysis and Enzyme-Linked Immunosorbent Assays

Protein was estimated by the bicinchoninic acid (BCA) protein
assay kit (Pierce, Rockford, IL). Erythroid progenitors were washed
with PBS and lysed in RBC Lysis Buffer (Gentra Systems, Minne-
apolis, MN). Fetal hemoglobin concentration in cultured cells was
determined using a colorimetric enzyme-linked immunosorbent assay
(ELISA). The Hb F ELISA (Bethyl Lab, Montgomery, TX) uses a
two-antibody sandwich to detect Hb F. The percent Hb F was
determined by dividing micrograms of Hb F by micrograms of total
hemoglobin, measured spectrophotometrically at 415 nm (NanoDrop
ND-1000; NanoDrop Technologies, Rockland, DE) and calculated
using 125 as the millimolar extinction coefficient for human hemo-
globin (e.g., 128 pg/ml has an optical density of 1.0 at 415 nm) (55).

Hemoglobin Analysis via HPLC

Cord blood hemolysates were examined for Hb F via HPLC and
used as standards in the ELISA assay. After centrifugation of hemo-
lysates, the supernatant was filtered through Ultrafree-MC devices
(Millipore, Bedford, MA) before cation exchange chromatography.
Hemoglobins were separated on a 100 X 4-mm POLYCATA column
(PolyLC, Columbia, MD) fitted to a Waters automatic HPLC system
using a gradient of Buffer A (50 mM NasPO,, pH 5.5, 2 mM KCN)
and Buffer B (50 mM NazPO4, 500 mM NaCl, 2 mM KCN). Hemo-
globin was detected by absorbance at 540 nm. Ratios of Hb F to Hb
A were calculated by peak integration using the Dynamax R Data
Reprocessing Program (Rainin Instrument, Oakland, CA). Purified Hb
standards (FASC) were used for reference (Helena Laboratories,
Beaumont, TX). Modeling experiments in which mixtures of adult
and cord hemolysates were analyzed by HPLC indicated that <2% Hb
F in a 100-pg total hemoglobin sample is detectable.

Total RNA Isolation and cDNA Synthesis

DNA-free total RNA of cultured cells was isolated with RNeasy
microkit (Qiagen, Valencia, CA), according to the manufacturer’s
instructions. In brief, 1 X 10° cells from triplicate cultures (days I, 3,
5, 7,9, and 11) were pelleted, lysed in RLT buffer containing 1%
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(vol/vol) B-mercaptoethanol. DNase-treated RNA was ethanol precip-
itated and quantified on a NanoDrop ND-1000 spectrophotometer,
followed by RNA quality assessment by analysis on an Agilent 2100
bioanalyzer (Agilent, Palo Alto, California). First-strand cDNA was
synthesized using oligo(dT) and Superscript II RT (Invitrogen, Grand
Island, NY). Alternatively, cDNA was prepared using OVATION
RNA Amplification System (NuGen Technologies, San Carlos, CA).

Real-Time RT-PCR

Validation of DE genes. cDNA was assayed in quadruplicate
reactions using 2X SYBR Green JumpStart TAQ Ready Mix (Sigma-
Aldrich, St. Louis, MO) according to the SYBR Green protocol at the
following input RNA concentrations: 2 ng, 0.2 ng, and 0.02 ng.
Relative steady-state levels of mRNA expression of each gene and a
reference gene (GAPDH) were assayed on an ABI 7900 (Applied
Biosystems, Foster City, CA) using the relative quantification or
“QTAACT” method, essentially as described previously (1).

Determination of y/y+[ globin mRNA levels. For globin gene
mRNA expression, real-time PCR assays were performed in quadru-
plicate using degenerate primers (forward 5'-GTC TAC CCW TGG
ACC CAG AGG TTC-3', reverse 5'-GGC AAA GGT GCC CTT
GAG R-3’) (Integrated DNA Technologies, Coralville, TA) that si-
multaneously amplify both y- and B-globin gene regions. Gene-
specific probes (G 5'-[FAM] AGA TGC CAT AAA GCA CC-3', B
5'-[TET] GGC CTG GCT CAC C-3’) (Applied Biosystems) were
used in separate reactions to detect y- and B-globin-amplified prod-
ucts. To document specificity of detection, plasmids containing cDNA
for y- or B-globin were used in individual real-time PCR assays, with
detection of vy-globin template limited to reactions containing the
v-globin-specific probe and visa versa. A standard curve generated
using increasing amounts of cultured erythroid progenitor cDNA (day
9) was used to confirm that the amplification efficiency of y- and
[-globin transcripts was equivalent. The difference in cycle thresholds
(CT) for - and B-globin amplification (ACT) defines the fold increase
in mRNA using the formula 2e“T, where e is the efficiency of
amplification, derived from cDNA titration experiments. A titration of
c¢DNA input showed a constant ratio of y-globin to 3-globin mRNA
over a range of input amounts and facilitated determination of the
percentage of y-globin mRNA (y/y+f) present in erythroid progen-
itors during development, using the following two equations:

1)y + B = 100, where the percentages of y-globin and (3-globin
mRNA = 100%; and

2) By = 2eA€T, where e is the average of the average efficiency
of amplification for y- and 3-globin mRNA, CT is the cycle threshold,
and ACT represents the difference in cycle thresholds for B- and
v-globin signals.

Microarray Methods

Linear amplification. Ribo-SPIA-based RNA amplifications and
target preparations were performed according to the manufacturer’s
instructions (Ovation Biotin System, NuGen). Briefly, first-strand
cDNA was synthesized from 50 ng of total RNA using RT with a
unique oligo(dT)/RNA chimeric primer. RNA was degraded by heat-
ing, and fragments served as primers for second-strand synthesis,
yielding double-stranded cDNAs with RNA/DNA hetero-duplexes at
one end. RNA in the hetero-duplexes was digested using RNase H
added to the reaction with DNA polymerase and a second chimeric
cDNA/cRNA primer (SPIA amplification primer). Amplification was
continued using primer extension product hybridization to the target
to reveal part of the priming site for subsequent primer hybridization
and extension by strand displacement DNA synthesis. Amplified
cDNA products were purified by Zymo Research DNA clean and
concentrator (Zymo Research, Orange, CA).

Fragmentation and biotin labeling. cDNA amplification products
were fragmented and chemically labeled with biotin to generate

biotinylated cDNA targets. Finally, biotin-labeled product was puri-
fied on a DyeEx 2.0 spin column (Qiagen, Germantown, MD).

Hybridization. Fragmented and biotin-labeled target (2.5 pg) in
200 wl of hybridization cocktail was used for each Affymetrix HG
U133 Plus 2.0 array (Affymetrix, Santa Clara, CA). Target denatur-
ation was done at 99°C for 2 min, and hybridization was performed
for 18 h. Arrays were washed and stained using GeneChip Fluidic
Station 450, and hybridization signals were amplified using antibody
amplification with goat IgG (Sigma-Aldrich) and anti-streptavidin
biotinylated antibody (Vector Laboratories, Burlingame, CA). Gene-
Chips were scanned using a GeneArray scanner 3000 (Affymetrix).

Bioinformatic analysis of mRNA expression profiling. Fragmented
biotin-labeled cDNA was hybridized to the Human Genome 133 Plus
2.0 oligonucleotide array chip (Affymetrix) containing 56,000 probe
sets representing 34,000 well-characterized human genes. Chips were
scanned with Affymetrix GeneChip Scanner 3000, and the data were
scaled from each array to a target intensity value of 500 using
GeneChip Operating Software (GCOS) v3.0. GeneSpring v7.2 (Sili-
con Genetics, Redwood City, CA) was utilized to set intensities less
than zero to zero, normalize signal per chip to the 50th percentile, and
normalize signal per gene to the median of each gene. The raw
microarray data set (series no. GSE4655) can be accessed at the Gene
Expression Omnibus (GEO) website (http://www.ncbi.nlm.nih.gov/
geo/). The complete list of day 1 Present (P) calls is available in the
Supplemental Materials (the online version of this article contains the
supplemental data) including raw intensities of probe sets and gene
identification information (Supplemental Table 1). Statistically signif-
icantly DE genes were identified from the normalized data using
one-way analysis of variance (ANOVA), with analysis of the local
false discovery rate employing a sliding window of 50 probe set P
values (2, 14); the size of the window was chosen based on our
group’s experience with multiple data sets (11, 61). In contrast to
overall false discovery rate (FDR) estimates, the local false discovery
rate (fdr) estimates the false positive rate within a neighborhood of
genes (chosen as 50 here). Often, as is the case in our data set, the
choice of FDR threshold is not clear (e.g., why 10 and not 12%, or
14%, etc.?; with less-restrictive threshold resulting in an increasing
no. of DE probe sets). In contrast, within a certain fdr range, the
number of DE genes is relatively insensitive to the choice of a
particular fdr threshold (2). This allows us to derive a differential gene
expression list with a particular fdr threshold. A total of 1,953 probe
sets were chosen as DE at a 10% local fdr threshold, which corre-
sponds to allowing ~7% overall false positives.

Gene annotation. The expressed and DE lists were linked to the
genome database NetAffx at the NetAffx Analysis Center (http:/
www.affymetrix.com) using Microsoft Excel and Access, and dis-
crepancies identified by cross-reference to http:/mriweb.moffitt.
usf.edu/mpv/ (19) were manually corrected in Supplemental Table 2.
Gene Ontology (GO) functions were assigned using Database for Anno-
tation, Visualization and Integrated Discovery (DAVID v2.0; http://
david.abcc.nciferf.gov/).

Clustering of DE Probe Sets

Clusters of different sizes ranging from 2 to 10 were obtained using
partitioning around mediods (PAM) (23). The quality of the clusters
was evaluated using SC metric (49). SC is a combined measure of
cohesion within a cluster and separation between clusters utilizing
both inter- and intracluster distances as a ratio. Following the com-
putational negative control approach of Pearson et al. (46), the SC of
different PAM clusters of actual DE data were compared with the SC
of the randomly permuted DE data. Differences between SC of the
actual and randomized data allowed determination of the number of
nonrandom clusters that were well distinguished from clusters of
randomized data. On the basis of this difference, we chose to analyze
PAM results based on two to six clusters. We manually constructed a
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hierarchical schematic to illustrate the dominant movement of probe
sets from the DE set into increasing numbers of clusters.

Transcriptional Regulatory Network Analysis

With the use of PAINT, TFBS were analyzed within 1,000 base
pairs (bp) upstream of the transcriptional start sites (TSS) in the DE
gene set. Several array probes correspond to the same gene, and this
redundancy must be removed before further analysis. The UniGene
cluster identification number (ID) corresponding to each probe set was
obtained through cross-reference with GenBank accession number.
From the UniGene database, the corresponding Entrez gene ID was
obtained and used to cross-reference with Ensembl IDs. The 1,953 DE
probe sets mapped to 1,853 genomic locations (Ensembl annotation),
of which 1,397 were unique. The TFBS were identified using Trans-
facPro 9.2 database (35) and associated MATCH software (25) with
option for minimizing the sum of false positives and false negatives in
the TEBS results. The enrichment analysis was performed for differ-
ent cluster sets (2—6, from above), and the DE list was compared with
different background reference sets. In the enrichment analysis, the
“Factor” corresponding to the TFBS (as indicated by MATCH/
TRANSFACPro) was considered instead of the individual TFBS. This
mapping allows us to account for the correlations in the position-
weight matrices (PWMs) to a certain extent. A total of 264 TFBS
families were considered. The enrichment P values based on hyper-
geometric distribution were adjusted for multiple testing using a FDR
estimate (5). At each of the clustering levels, we do account for
multiple testing using FDR correction for different TFBS enrichment
P values. It should be noted that this FDR estimate may be conser-
vative, as it does not account for the correlations among the TFBS
present on different promoters. The correlations could arise because of
the biological nature of coordinate action of different transcription
factors (TFs) and because of similarity of PWMs of several TFs in the
TRANSFAC database. The FDR method used might identify a higher
number of TFs as being significant than if all correlations were taken
into account. However, this is not fatal, given the limited number of
predictions from our discovery approach. In the case of the hypothet-
ical factor X family, all binding sites corresponding to the X family of
TFs (FACTORX-1/VSFACTORX-1_02, FACTORX-1/V$FAC-

V$FACTORX2_03) would be grouped into one set. Those binding
sites present in =10% of promoters in the particular set are presented.

Isolation of Nuclear Extracts and Assessment of TF:DNA
Binding Activity

Cells were harvested, and nuclear extracts were prepared from
erythroid cultures on day I and day 8 using Panomics Nuclear
Extraction kit (Panomics, Fremont, CA). Briefly, 1 X 10° cells were
incubated in hypotonic buffer and dispersed, and nuclei were lysed in
high-salt buffer. Protein was quantified using the BCA protein assay
kit and NanoDrop spectrophotometer. Approximately 75 g of pro-
tein were isolated and stored in the presence of protease inhibitor
cocktail. Nuclear extracts from day I and day 8 (~7.5 ng) were
incubated with the biotin-labeled probe mix from the Panomics
Protein/DNA TranSignal comboarray. Protein-bound probes were
isolated via streptavidin, protein was removed, and the probes were
hybridized to the array and visualized using chemiluminescence
detection on X-ray film.

RESULTS
In Vitro Erythroid Differentiation of Adult-Derived HPCs

We implemented a single-phase liquid culture method for
expansion and differentiation of HPC from adult blood sam-
ples, and we isolated RNA for expression profiling, protein for
hemoglobin analysis, and cells for cytocentrifugation from
cultures after days 1, 3,5, 7, 9, and 11 in culture in serum-free
medium containing erythropoietin, IL-3, and stem cell factor.
Because before day 5, cell numbers are insufficient for all
necessary analyses, for day I and day 3, a pooling strategy was
used (see Fig. 1). In this way, microarray analysis at all time
points was performed in triplicate, with days I and 3 each
involving three arrays of pooled samples containing equal
amounts of three RNA samples. That is, three different donors
were used to generate one RNA sample for day I and one for
day 3. This was repeated two more times so that nine donors in

J l
O ]
N

later time points, 3 donors (donors J, K, and L) were
used, and samples were removed from the culture at
days 5, 7, 9, and 11. Three microarrays were per-
formed for each time point, as depicted.

TORX-1_03, FACTORX-2/V$FACTORX-2_02, FACTORX-2/ all were used for triplicate pools of RNA for days I/ and 3.
Days 1 and 3 Days 5,7, 9, 11
Donor PB °' or J K L
OI’ OI'
Fig. 1. Schematic of experimental design. For ex-
amination of days 1 and 3 of erythroid differentia-
tion, CD34+ cells from 9 adult donors (donors A-I)
were cultured and harvested on days I and 3; cells
from 3 cultures were combined to generate hemoly-
S S S sate and RNA samples for triplicate analysis (ABC,
Culture H y DEF, and GHI). One microarray was generated with
arvest arvest .
Day1 and 3 l lDavs 57,9, 11 l the pooled sample for each of days I and 3. For the

6 Microarrays (Day 1,5c , Day 1pgr , Day 1y
Day 35c , Day 3per , Day 1gp)

EE@

12 Microarrays (Day 5 J, Kor L, Day 7 J, K or
L; Day 9, J,KorlL, Day 11 J,KorL)
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