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Summary

Glucocorticoid (GC) effects are mediated by the glucocorticoid receptor (GR). Several studies 

demonstrated that a lower number of receptors per cell was associated with poor GC response. 

The regulation of GR expression is complex; the levels of GR can be autologously regulated by its 

ligand and also by transcriptional, post-transcriptional and post-translational mechanisms. Using 

three human myeloma cell lines, that parallel the development of GC resistance, this work 

describes the mechanism involved in downregulation of GR expression. The decreased expression 

was neither due to mutations in the GR gene nor due to methylation of the promoters. A gradual 

decrease in GR transcripts was seen during the development of resistance, the level of expression 

of exon 1–2 RNA fragments remained the same in sensitive and resistant cell lines but ChIP assay 

demonstrated that RNA polymerase II, detectable throughout exon 2 to 3 in the sensitive cell, was 

undetectable on exon 3 in the resistant variant suggesting lower or no transcription at this site. 

These studies demonstrated that downregulation of GR mRNA in resistant cell line involves a 

block to transcriptional elongation within intron B of the GR gene. This block may represent an 

important element in the regulation of GR expression.
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Introduction

Most of the glucocorticoid (GC) hormone effects are mediated by the glucocorticoid 

receptor (GR). The GR is a member of the nuclear hormone receptor super family of ligand-

activated transcription factors and participates in numerous signaling pathways leading to 

altered gene expression in target cells and tissues (Adcock, et al 1999, Cairns, et al 1993, 

Drouin, et al 1987, Yamamoto and Alberts 1976). There is only one known GR gene, but 
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several GR isoforms arose as a result of alternative splicing events (Yudt and Cidlowski 

2002). In addition, the GR gene contains at least three promoters whose utilization gives rise 

to at least five separate transcripts containing different 5′-untranslated first exons (Breslin, et 

al 2001). A large number of studies about the relationship between GR expression and the 

clinical response to GC therapy found that a lower number of receptors per cell was 

associated with poor treatment response (Costlow, et al 1982, Iacobelli, et al 1987, 

Mastrangelo, et al 1980, Pui, et al 1984, Quddus, et al 1985). Thus, the level of expression 

of GR is an important determinant of the type and magnitude of the cellular response to the 

hormone (Vanderbilt, et al 1987). Consequentially, processes that regulate the expression of 

the human GR gene are important and must be tightly regulated.

The regulation of GR expression is complex and not totally understood. Transcriptional 

regulation from the three known GR promoter regions is complex and influenced by 

developmental and hormonal factors (Breslin, et al 2001, Kalinyak, et al 1987). In addition, 

the levels of GR can be autologous regulated by its ligand and transcriptional, post-

transcriptional and post-translational mechanisms may be involved (Burnstein, et al 1991, 

Burnstein, et al 1994, Dong, et al 1988, Hoeck, et al 1989, McIntyre and Samuels 1985, 

Vedeckis, et al 1989). Thus, although GR expression is considered ubiquitous as GRs are 

expressed in almost all cells, the level of expression and receptor regulation vary 

considerably within and between tissues (Breslin and Vedeckis 1998).

Furthermore, although the primary control point in the regulation of gene expression is the 

frequency of transcription initiation which depends on the interaction of transcription factors 

with promoters or enhancer elements, regulation of gene expression at the level of transcript 

elongation is well established in prokaryotes (Platt 1986) and is emerging as an important 

control mechanism for eukaryotic gene expression. If transcriptional arrest occurs within the 

coding region of a gene, the arrested complex would block subsequently initiated RNA 

polymerases, thereby effectively repressing RNA synthesis from the affected gene. This type 

of mechanism has been implicated in the regulation of many genes such as MYC, MYB, 

FOS, ADA, ODC1, HIST3H3, TNF, HSPA4, etc. (Uptain, et al 1997).

Prior studies demonstrated that the lack of responsiveness to dexamethasone in MM.1R cells 

was coupled with significantly low levels of GRα (Chauhan, et al 2002, Chauhan, et al 

2000, Moalli and Rosen 1994). In addition to GRα, our previous work in MM model 

systems with GC sensitive MM.1S and GC resistant cell lines demonstrated that GC 

resistant cell lines express low levels of all GR isoforms (GRβ, GR-P and GRγ) (Sanchez-

Vega, et al 2006). In this study we show that downregulation of GR mRNA involves a block 

to transcriptional elongation within intron B of the GR gene. This block may represent an 

important element in the regulation of GR gene expression.

Materials and methods

Cell Lines

A myeloma cell line, MM.1, was established from the peripheral blood cells of a patient in 

the leukemic phase of MM. The patient treatment regimen included GCs (Goldman-Leikin, 

et al 1989). From this parental heterogeneous cell population, three separate cell lines that 
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parallel the progression of the disease and development of GC resistance were established. 

GC administration induces apoptosis in a GC-sensitive subclone (MM.1S). A resistant 

subclone to GC-induced-apoptosis was also isolated (MM.1R). With increased duration of 

dexamethasone exposure in vitro, two distinct phenotypes emerge from MM.1R. The 

“early” form (MM.1RE) is a transient phenotype that arises immediately following selection 

of resistant cells from the parental MM.1 cell line that expresses the GR-A isoform. With 

further growth in the presence of dexamethasone for 4 to 6 months, the expression of the 

“late” phenotype (MM.1RL) is developed. MM.1RL is a stable resistant phenotype 

representative of patients in the later stages of the disease (Moalli, et al 1992). These three 

cell lines, designated MM.1S, MM.1RE, and MM.1RL, which can be distinguished based on 

their sensitivity to GCs, were a gift from Dr. Steven T. Rosen (Northwestern University, 

Chicago, IL). All cells were grown in RPMI-1640 (GIBCO) supplemented with 10% heat 

inactivated fetal bovine serum (FBS) (GIBCO, Invitrogen) in 5% carbon dioxide at 37°C. 

All cell lines are free of mycoplasma contamination as determined by Hoechst dye staining 

and PCR assays.

DNA and RNA Extraction

Cells were harvested when the cultures were growing in exponential phase. DNA and total 

RNA were extracted using QIAGEN DNA and RNeasy extraction kits (QIAGEN, Valencia, 

CA). Total RNA was treated with DNAse I to eliminate genomic DNA contamination. RNA 

and DNA were quantified spectrophotometrically; in addition, all RNA samples were also 

quantified with the Ribogreen kit (Molecular Probes, Eugene, OR).

Primers and Probes

Primers for sequencing of promoter A and for sequencing of exons 3, 4, 5, 6, 7 and 8 have 

been described before (Antonini, et al 2002, Breslin, et al 2001). The remaining primers for 

regular PCR and sequencing were designed with Primer3 software (Rozen and Skaletsky 

2000) available on line3. Primers for real-time PCR quantification of promoters 1A1, 1A2, 

1A3, 1B and 1C were identical to previous study (Pedersen and Vedeckis 2003). The rest of 

primers and probes used in the real-time PCR study were designed with Primer Express 

software (Applied Biosystems, Foster City, CA). The primers and probes were purchased 

from Sigma-Genosys (The Woodlands, TX). The sequences of all the primers and probes 

used in the present study are listed in Table I supplemental data.

Conventional PCR and Sequencing

Amplification of the different exons from DNA samples were done using Platinum® taq 

polymerase chain reaction (PCR) SuperMix (Invitrogen, San Diego, CA). Sequencing 

reactions were done with ABI PRISM® BigDye™ terminator v3.1 cycle sequencing 

chemistry (Applied Biosystems, Foster City, CA), and resolved in an ABI PRISM® 310 

genetic analyzer (Applied Biosystems). The sequencing results were compared to the normal 

GR gene sequence in GeneBank accession number AY436590. Conventional PCR and 

3http://primer3.sourceforge.net
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sequencing reactions were carried on a MBS Satellite Thermal Cycler (Thermo Hybaid, 

Milford, CA).

Quantitative Real Time RT-PCR

The levels of GR mRNA expression were determined by One-Step real-time PCR with 

primers specific for GRα, GRβ, GRγ and GR-P localized on exons 8–9α, 8–9β, 3–4 and 

exon 7-intron G, respectively using TaqMan® one-step RT-PCR master mix (Applied 

Biosystems). The assays to quantify the different exon 1-containing transcripts were 

designed to amplify a RNA fragment spanning each specific exon 1 and exon 2. The 18S 

rRNA was amplified from the same samples to serve as an internal standard (Applied 

Biosystems). All reactions were carried out in an ABI PRISM® 7900HT Sequence 

Detection System (Applied Biosystems, Foster City, CA) using standard cycling conditions 

for real-time assays. The efficiency of all real-time PCR systems was between 95% (slope of 

−3.45) and 107% (slope of −3.1).

Chromatin Immunoprecipitation Assay (ChIP)

ChIP assays were performed following the Upstate commercial protocol with some 

modifications (Upstate, Lake Placid, NY). Briefly, the histones and polymerase II were 

cross-linked to the DNA by incubation of 1 × 107 cells with 1% formaldehyde (final 

concentration) at room temperature for 10 min. The cells were washed with 1x PBS twice, 

and resuspended in SDS lysis buffer (1% SDS, 10 mM EDTA, 50 mM Tris-HCl [pH 8.1]). 

After lysis, the cell extracts were sonicated (Sonic Dismembrator 60, Fisher Scientific), the 

debris were pelleted and the supernatant was diluted 4-fold with ChIP dilution buffer (0.01% 

SDS, 1.1% Triton X-100, 1.2 mM EDTA, 16.7 mM Tris HCl, pH 8.1, 167 mM NaCl). The 

proteins were incubated with 5 μg of antibody overnight at 4°C. The protein-DNA-antibody 

complexes were precipitated by with salmon sperm DNA/Protein A Agarose-50% Slurry 

and the beads were pelleted and washed once each with Low Salt Immune Complex Wash 

Buffer, (0.1% SDS, 1% Triton X-100, 2mM EDTA, 20mM Tris-HCl, pH 8.1, 150mM 

NaCl), High Salt Immune Complex Wash Buffer, (0.1% SDS, 1% Triton X-100, 2mM 

EDTA, 20mM Tris-HCl, pH 8.1, 500mM NaCl), LiCl Immune Complex Wash Buffer, 

(0.25M LiCl, 1% IGEPAL-CA630, 1% deoxycholic acid (sodium salt), 1mM EDTA, 10mM 

Tris, pH 8.1), and twice with TE Buffer, (10mM Tris-HCl, 1mM EDTA, pH 8.0). The DNA-

protein complexes were obtained by extracting the beads with elution buffer (1% SDS, 0.1 

M NaHCO3). The cross-linking of the DNA protein complexes were reversed with 5M NaCl 

at 65°C for 4 h. Samples were incubated with Proteinase K and the DNA was recovered by 

phenol/chloroform extraction and ethanol precipitation. 20 ng of DNA were used for PCR 

reactions.

Antibodies used in the assay were anti-trimethyl-histone H3 (Lys4), anti-acetyl-histone H4, 

anti-acetyl histone H3 (Lys9), anti-dimethyl histone H3 (Lys9), and anti-RNA polymerase II 

all from Upstate (Upstate, Lake Placid, NY). Primers for PCR are listed on Table II 

supplemental data.
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Results

Mutation analysis of the GR gene

Mutations in the GR gene, albeit rare, have been detected in several GC resistance 

malignances (Bray and Cotton 2003). To identify possible mutations or polymorphisms in 

MM affecting the response to GCs, the GR gene was sequenced and compared between the 

three cell lines. Sequencing of the three GR promoters to check for possible mutations in 

some of the response elements located in them, showed no mutations that could lead to 

differences in the RNA expression levels between these cell lines. In addition, no alterations 

were found in any of the eight coding exons, exon-intron boundary regions, or 3′-UTR 

regions (including the AUUUA motifs in 3′UTR, that affect RNA stability) of the GR gene 

between the MM.1S, MM.1RE, and MM.1RL cell lines.

Methylation analysis of the GR promoters

In MM.1S, MM.1RE, and MM.1RL cell lines there is only GR expression from promoters B 

and C (Sanchez-Vega, et al 2006), these two promoters are located in a CpG island that 

makes them susceptible to a repression in RNA transcription by methylation. Therefore, the 

down-regulation in GR expression in resistant cell lines could be due to methylation in these 

promoters. To test this hypothesis, MM.1S and MM.1RL cell lines were treated with 5 μM 

of the demethylating agent 5-aza-deoxycytidine (5-aza-dCyd) for six days and the levels of 

GR expression were measured by real-time PCR. As shown in Figure 1, 5-aza-dCyd 

treatment does not induce changes in GR expression. This concentration and time of 

treatment have been shown to result in hypomethylation.

Analysis of GR transcripts containing exon 2

As published before (Sanchez-Vega, et al 2006), because the number of mRNA fragments 

containing exons 1 and 2 was similar in these cell lines, however the transcripts containing 

the rest of the exons were dramatically reduced in resistant cells, we wanted to determine the 

exact point where this discrepancy arises. To start with, we analyzed if the exon 3 is 

expressed at the same level as the exon 2 a real-time PCR assay was done using a forward 

primer located on exon 2 and a reverse primer located on exon 3.

As shown in Table I, the number of RNA fragments containing exon 3 is lower than the 

number of exon 2-containing transcripts, indicating that the point of discrepancy is between 

these two exons. Furthermore, compare to promoter C, for each specific cell line, exon 2–3 

expression was 100-fold, 1,000-fold and 10,000 fold lower in sensitive, early resistant and 

late resistant cell lines, respectively. Taken together, these data suggest that the dramatic 

decline in RNA transcripts is due to an alteration in transcription over intron B.

To determine if some of the intron B sequences remain in the transcripts containing the exon 

2, RNA samples corresponding to the three cell lines were amplified using different sets of 

primers located on intron B. When intron segments were amplified from the RNA samples, 

we are able to detect amplification of intron B sequences as far as 2,000 bp downstream 

from the end of exon 2 but not at 20,000 bp downstream of this exon in MM.1S, MM.1RE, 

and MM.1RL cell lines (Lanes 2 through 12, right panel, Figure 2). This amplification 
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corresponded to RNA transcripts containing sequences of intron B and not to DNA 

amplification because the amplification of the same RNA samples without a reverse 

transcription step did not amplify any fragment (Lanes 8 through 13, right panel, Figure 2). 

To verify that the PCR system works properly, DNA samples were amplified for both 

regions located at 2,000 and 20,000 bp 3′ from the end of exon 2 (Left panel, Figure 2).

To establish more precisely the length of the intronic sequence retained in the GR 

transcripts, we used more sets of primers localized in intron B that amplify fragments of 

RNA located at 4,000, 8,000, and 10,000 bp downstream from the end of exon 2. Again, 

when intron segments were amplified from the RNA samples, we were able to detect 

amplification of intron B sequences as far as 4,000 bp all cell lines (Lanes 2 through 4, 

Figure 3), and at 10,000 bp in MM.1S and MM.1RL. Interestingly we were not able to 

detect any amplification of intron B sequences further than 4,000 bp in the MM.1RL cell 

line.

Analysis of intron B DNA sequences in sensitive and resistant cell lines

To determine if the discrepancy we found in the intron B sequences at the level of RNA is 

also found at the DNA level, the same sequences were amplify from DNA samples.

Surprisingly, when DNA samples from MM.1S and MM.1RL are amplified we were not 

able to get any amplification product from the intron B region that goes from 8,000 bp to 

12,000 bp downstream of the end of exon 2 (Figure 4). To find out if this lack of 

amplification is due to a deletion of the intronic sequences in the GR gene in the resistant 

cell line, we perform a long-range PCR with the forward primer located in the region of 4 

Kb and the reverse primer located in the region of 20 Kb. As expected for the sensitive cell 

line, and in agreement with the real-time PCR data, a PCR product of about 16,000 bp was 

detected, this PCR fragment was almost undetectable in the early resistant cell line, and not 

detectable in the late resistant cell line (Figure 5). In addition, no shorter fragments 

corresponding to a deletion in this region were detected.

Analysis of chromatin structure of intron B in sensitive and resistant cell lines

One possible explanation to the lack of amplification of the 4 – 20 Kb region could be a 

different chromatin reorganization of this region between sensitive and resistant cell lines. 

To test this hypothesis we performed a chromatin immunoprecipitation assay of this region 

using antibodies specific for histone modifications and for the RNA polymerase II (Pol II).

An enrichment of Pol II was consistently observed across the entire transcribed region in 

MM.1S cells. In contrast, Pol II was only detected in the region comprising exon 2 through 4 

Kb downstream to this exon, and barely from 20 Kb upstream to exon 3 through exon 3 in 

MM.1RL cell line. Confirming a block on transcription elongation located in intron B 

(Figure 6).

Besides, as histone H3 trimethylated on Lys4 (3mK4) is linked to transcriptionally active 

regions (Schneider, et al 2004), we next determined whether the methylated status of this 

histone in intron B is different in sensitive versus resistant cell line using antibodies specific 

for the lys4 trimethylated form of H3. In contrast to MM.1RL where 3mK4 is not detected, 
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this modification is observed in exons 1C, 2 and 3 and to a lesser extent throughtout intron B 

in the sensitive cell line (Figure 6).

Histone H3 trimethylated on Lys9 (3mK9) was linked to active as well to silent genomic 

regions, suggesting a different role of this modification in different tissues or developmental 

phases (Vakoc, et al 2006). In order to test if this modification was involved in the 

transcriptional block found in the resistant cell we check its distribution in both cell lines. 

No difference in enrichment of this modified form of H3 was detected in the promoter or 

intronic regions between the sensitive and resistant cell lines (Figure 6).

Acetylation of lysines in the N termini of core histones is closely linked with transcriptional 

activation. Conversely, histone deacetylase complexes targeted to methylated promoters 

maintain these residues in a hypoacetylated state, inhibiting transcription on the process 

(Eden, et al 1998). ChIP analysis using antibodies against acetylated H3 and H4, revealed a 

small difference in enrichment of this modification between the two cell lines. Again, the 

MM.1RL cell line shows a lower degree of acetylation than the MM.1S cell line.

Discussion

In most cells tested to date, the GR is down-regulated in response to hormone treatment and 

the cells remain viable (Burnstein, et al 1991, Kalinyak, et al 1987, Rosewicz, et al 1988). 

This reduction in cellular receptor levels leads to insensitivity to subsequent hormone 

administrations.

Previous work involving comparative analysis of gene profiles of GC-sensitive (MM1.S) 

versus GC-resistant (MM1.RE and MM1.RL) myeloma cells demonstrated significantly 

lower levels of GR transcripts and protein expression in resistant cells (Sanchez-Vega, et al 

2006). Levels of GR transcripts were comparable with the expression of total GR protein. 

Development of resistance correlated with an overall reduction in GR mRNA levels. The 

GR alpha is the predominant isoform in the sensitive cell line (MM1.S) decreasing in 

expression in the early resistant cells (MM1.RE) and virtually undetectable in late resistant 

cells (MM1.RL). The fact that overexpression of GR alpha in the resistant cell line restored 

sensitivity to GC further underscores the importance of this isoform of GR in these myeloma 

cells. Current work, which focused on the mechanisms for the gradual decrease in global GR 

transcripts in resistant cell lines, revealed a few points. First, the decrease of GR expression 

in the resistant cell line could be due to a mutation in a regulatory signal located on the 

promoter of the gene. Nevertheless, we sequenced the three promoters and the coding 

regions and we did not found any mutation that could be responsible for the differences in 

expression between these cell lines (data not shown).

Second, the expression of GR transcripts could be repressed by hypermethylation of GR 

promoters. Hence, we analyzed the likelihood of epigenetic changes in the promoters of the 

GR gene. However, treatment with the hypomethylating agent 5-aza-dCyd, does not change 

the levels of expression of full length GR mRNA (Figure 1). In addition, although a gradual 

decrease in full-length GR transcripts is seen during the development of resistance, the level 

of expression of exon 1-exon 2 RNA fragments remains the same in sensitive and resistant 
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cell lines (Table I). This observation rules out the possibility of promoter methylation as a 

mechanism for the decline in GR mRNA expression in the resistant variants of the MM cell 

line, and suggests that an inhibition in the initiation of transcription may not be the cause for 

the overall reduction of GR mRNAs in resistant cell lines.

Third, the stability of the GR transcripts is partly dependent on the half-life of these 

transcripts, which is based on the AU-rich elements (AREs). A polymorphism composed of 

an A to G mutation in an ATTTA motif located in the 3′ UTR of exon 9β of the GR gene is 

associated with rheumatoid arthritis (Derijk, et al 2001). These motifs are found in AU-rich 

elements (AREs) in the 3′ UTR of short-lived mRNAs of cytokines, transcription factors and 

proto-oncogenes, and are often destabilizing elements for RNAs (Chen and Shyu 1995). 

There are four and ten AUUUA motifs in GRβ and GRα mRNAs, respectively (Schaaf and 

Cidlowski 2002). Because, this polymorphism in an AUUUA motif of the GRβ mRNA 

results in increased stability of GRβ mRNA and a small increase in GRβ protein expression, 

we determined the presence of any mutations that could alter the expression of the GR 

isoforms in our model system. There were no mutations in any of the AUUUA motifs 

located in both exons 9. These observations and the fact that GR mRNA has a half-life of 1–

6 hours and that we are not able to detect GR transcripts in the late resistant cell line at any 

point but consistently obtain high levels of expression of exon 1-exon 2 fragments, rules out 

the possibility of a faster RNA degradation in the resistant cell line.

Fourth, as shown in the ChIP assay we can detect high levels of polymerase II throughout 

exon 2 to exon 3 in the sensitive cell line and although we can detect some pol II in exon 2 

in the resistant cell line, this protein was almost undetectable in exon 3. In addition, 

elongating RNA polymerase II recruits histone methyltransferases to methylate lysines 4 and 

9 of histone H3 in nucleosomes in the body of actively transcribed genes (Eissenberg and 

Shilatifard 2006). In agreement with this observation the ChIP assay shows a chromatin 

structure related to a more actively transcribed gene in GR sensitive cells than in GR 

resistant cells. As with other genes regulated by transcription elongation blocks, Intron B is 

a large exon comprising 85 Kb, however only the sequences located between 8,000 and 

15,000 pb downstream of exon 2 seems to be implicated in this block.

In conclusion, all these observations point to a block on the transcriptional elongation in the 

second intron (Intron B) as a mechanism in the development of resistance. In this work we 

propose a different mechanism than the ones described until today, involved in GR mRNA 

regulation.

Transcript elongation is a dynamic process that does not occur at a constant rate. Throughout 

the elongation phase, RNA polymerase can encounter blocks to elongation from which there 

are three outcomes. Many paused complexes, after some period, continue chain elongation. 

A proportion terminates transcription, and the remainder converts to an arrested state, in 

which the ternary complex is intact but incapable of further transcription in the absence of 

accessory factors (Kerppola and Kane 1991). Few pause, arrest, or termination signals are 

100% efficient. The mechanism by which sequences might block transcription is unknown, 

although eukaryotic DNA sequences representing transcription blocks have been identified, 

they appear to be characterized more by diversity than by a common theme. (Bentley and 
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Groudine 1988, Chen, et al 1991, Connelly and Manley 1989, Dedrick, et al 1987, Keene, et 

al 1999, Kerppola and Kane 1988, Maa, et al 1990, Mechti, et al 1991, Meulia, et al 1992, 

Reines, et al 1987, Shor, et al 1995). Thus, more experiments are needed in order to find out 

the mechanism involved in the transcription elongation regulation of the GR gene.

Our current study used cell line as a model system which was derived from plasma cells 

obtained from patient with MM who was treated with dexamethasone. Later on, GC resistant 

variant cell lines were created by in vitro selection with dexamethasone. Recent work in 

primary plasma cells obtained from patients with myeloma suggested that baseline GR 

expression level directly correlates with the clinical outcome in 351 newly-diagnosed 

myeloma patients who were treated with GC-containing regimens (Ma, et al 2008). Patients 

with low levels of GR expression (14% of the population) were associated with significantly 

(p = <0.01) worse 5-year event-free survival (20% vs 52%) and overall survival (34% vs 

68%) compared to those with high levels of GR expression (86% of population). It would be 

important to determine if the mechanism for decline in GR transcripts is similar in these 

primary plasma cells as in the cell lines being reported by us in the current study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations List

MM Multiple Myeloma

GR Glucocorticoid receptor

GCs Glucocorticoids

DBD DNA-binding domain

LBD ligand-binding domain

PCR polymerase chain reaction

RT-PCR reverse transcription-polymerase chain reaction

PMSF phenyl methyl sulforyl fluoride

FBS fetal bovine serum

PBS phosphate buffered saline

FITC fluorescein isothiocyanate

PI propidium iodide

bp base pairs

WT wild type
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Figure 1. Relative expression of GRα in response to 5 μM 5-aza-deoxycytidine (5-aza-dCyd) 
treatment in MM.1S and MM.1RL cell lines
Expression values are calculated with respect to GRα expression at time 0.
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Figure 2. A) Scheme representing the location of primers used to amplify intron B sequences
Arrows represents the primers, and 2K and 20K, specify the nucleotide position on kilo base 

pairs on intron B for the amplified fragments. B) Amplification of intron B sequences 
from RNA in MM.1S, MM.1RE, and MM.1RL cell lines. Left Panel), Reaction controls. 

First lane in gel corresponds to a molecular size marker. Lanes 2 and 3 correspond to the 

amplification of two DNA segments around the positions 2,000 and 20,000 pair bases of 

intron B, respectively. Right Panel), RT-PCR assay of intron B sequences. First lane in gel 

corresponds to a molecular size marker. Lanes 2 through 7 correspond to the amplification 

of RNA samples from MM.1S, MM.1Re, and MM.1RL cell lines Lanes 8 through 13 

correspond to the same samples amplified without the reverse transcriptase. 2K and 20K, 

specify the nucleotide position on kilo base pairs on intron B amplified in the assay.
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Figure 3. A) Scheme representing the location of primers used to amplify intron B sequences
Arrows represents the primers, and 4K, 8K and 10K, specify the nucleotide position on kilo 

base pairs on intron B for the amplified fragments. B) Amplification of intron B sequences 
from RNA in MM.1S, MM.1RE, and MM.1RL cell lines. RT-PCR assay of intron B 

sequences. First lane in gel corresponds to a molecular size marker. Lanes 2 through 10 

correspond to the amplification of RNA samples from MM.1S, MM.1RE, and MM.1RL. 

4K, 8K and 10K, specify the nucleotide position on on kilo base pairs intron B amplified in 

the assay.
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Figure 4. A) Scheme representing the location of primers used to amplify intron B sequences
Arrows represents the primers, and 4K, 8K, 10K, 12K and 20K, specify the nucleotide 

position on kilo base pairs on intron B for the amplified fragments. B) Amplification of 
intron B sequences from DNA in MM.1S and MM.1RL cell lines. PCR assay of intron B 

sequences. Sixth lane in gel corresponds to a molecular size marker. Lanes 1 through 5 

correspond to the amplification of DNA samples from MM.1S, and lanes 7 through 11 to the 

amplification of DNA samples from MM.1RL. 4K, 8K, 10K, 12K and 20K, specify the 

nucleotide position on kilo base pairs on intron B amplified in the assay.
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Figure 5. A) Scheme representing the location of primers used to amplify intron B sequences
Arrows represents the primers located at 4K (forward primer), and 20K (reverse primer), 

used to amplify a fragment of 16,000 bp on intron B. B) Amplification of intron B 
sequences from DNA in MM.1S, MM.1RE, and MM.1RL cell lines. First lane in gel 

corresponds to a molecular size marker. Lanes 2 through 4 correspond to the amplification 

of a 16,000 bp fragment of intron B from nucleotide 4,000 to nucleotide 20,000, from MM.

1S, MM.1RE, and MM.1RL.
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Figure 6. Chromatin immunoprecipitation (ChIP) assays at GR locus testing histone 
modifications in MM.1S and MM.1RL cell lines
Immunoprecipitations were done with anti-acetyl-histone H3 (aH3), anti-acetyl histone H4 

(aH4), anti-trimethyl histone H3 at Lys4 (3mK4), anti-dimethyl histone H3 at Lys9 (2mK9), 

anti-RNA polymerase II (Pol II), or immunoglobulin G (IgG) as a negative control. Right 
panel corresponds to MM.1RL and Left panel corresponds to MM.1S. The different rows 

show the histone modifications from exon 1C to exon 3. 4 Kb and 20 Kb, specify the 

nucleotide position on intron B downstream exon 2.
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Table I

Number of exons 1C-2, 1B-2 and 2–3 containing transcripts expressed in MM.1S, MM.1RE and MM.1RL cell 

lines per microgram of total RNA.

Exons 1B-2 Exons 1C-2 Exons 2–3

MM.1S 5.8·105 4.8·106 4.4·104

MM.1RE 2.1·105 1.6·106 2.2·103

MM.1RL 1.3·105 8.3·105 9.3·101
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