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ABSTRACT
Differential display PCR (DD-PCR) was used to detect changes in gene expression in MDA-MB231 breast carcinoma cells following
treatment with parathyroid hormone-related peptide (PTHrP). The protocol consists of reverse transcription of mRNA using M-MLV
Reverse Transcriptase, RNase H Minus, Point Mutant (Cat.# M3682, M3683) and Random Hexamers (Cat.# C1181), followed by PCR
amplification of internal sequences of cDNA using 10mer primers with arbitrary but defined sequences. An RNase H-deficient reverse
transcriptase is recommeded for such analyses.
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Introduction
Parathyroid hormone-related peptide (PTHrP) was initially discovered as the agent responsible for humoral hypercalcemia in
malignancy. PTHrP is the product of a gene that, in humans, exhibits a pluri-exonic organization with three transcriptional start
sites leading to generation of multiple mRNA variants by alternative promoter usage and splicing mechanisms. cDNA-deduced
encoded polypeptides of either 139, 141 or 173 amino acids display N-terminal sequence homology with parathyroid hormone
(PTH), allowing binding to the same G protein-linked receptor and accounting for the PTH-like activity mediated by the Nterminal domain of PTHrP. Recent evidence suggests that PTHrP may be a polyprotein that undergoes proteolytic processing
into smaller bioactive forms, which may function as local autocrine/paracrine modulators of cellular phenotypic expression (1) .
We have previously reported that discrete domains of PTHrP ([1–34], [67–86] and, to a minor extent, [107–139]) are
biologically-active on breast cancer cells (2) (3) . In addition, the recently-characterized PTHrP [38–94] domain, which is likely
to be the midregion PTHrP domain present in the extracellular fluid (4) , has been found to impair the in vitro growth and
invasive behavior of MDA-MB231 breast carcinoma cells (5) . These data prompted a more detailed analysis of the interaction
between MDA-MB231 cells and PTHrP [38-94], to examine whether differences in cellular gene expression occur after PTHrP
treatment. Here we report the successful utilization of M-MLV Reverse Transcriptase, RNase H Minus, Point Mutant (Cat.#
M3682) and Taq DNA Polymerase, to generate mRNA differential display electrophoretograms, which are powerful tools for
identifying genes that are selectively expressed under particular experimental conditions.

Methods
CELL CULTURE
MDA-MB231 breast cancer cells were routinely cultured in RPMI 1640 medium (Gibco), supplemented with 10% fetal calf
serum (Gibco) and antibiotics. Before mRNA extraction, cells were cultured in serum-free RPMI medium, with or without 1nM
PTHrP [38–94] (kindly donated by Prof. A.F. Stewart, University of Pittsburgh Medical School, Pittsburgh, PA, USA). After 24
hours, fresh medium of the same composition was added and the cells were incubated for a further 24 hours (2) (3) .
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MESSENGER RNA EXTRACTION AND REVERSE TRANSCRIPTION
Isolation of polyA+ mRNA from MDA-MB231 cell monolayers was performed using a commerically available mRNA isolation
kit (Roche). cDNA synthesis was performed according to the protocol provided with M-MLV Reverse Transcriptase, RNase H
Minus, Point Mutant using 200 units of enzyme, 50ng of Random Hexamers (Cat.# C1181) as primers, and 1µg of mRNA.
DIFFERENTIAL DISPLAY-PCR
Before DD-PCR experiments, the cDNA preparations obtained from the reverse transcriptase reaction were checked by
amplification in the presence of primers specific for human beta-actin as reported by Luparello et al. (6) . PCR was performed
using 2.5 units of Taq DNA Polymerase and 100pmol of each primer in a 50µl reaction mixture; the thermal cycling profile was
as follows:
94°C for 2 minutes, then:
94°C for 30 seconds
55°C for 30 seconds
72°C for 45 seconds
For 45 cycles, then:
72°C for 5 minutes
For differential expression analysis, DD-PCR was performed using the arbitrary 10-mer amplimers designed by Sokolov and
Prockop (Table 1)(7) , in pairs.
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Table 1. Primers Used for DD-PCR Amplification (7).

PCR amplification was performed using 25pmol of each primer, 1µl of cDNA template, 200µM dNTP mix, 1.5mM MgCl2 and 5
units Taq DNA Polymerase in a total reaction volume of 50µl. The thermal cycling profile was as follows:
94.5°C for 3 minutes, then:
94.5°C for 1 minute
34°C for 1 minute
72°C for 1 minute
For 45 cycles, then:
72°C for 10 minutes
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After PCR amplification, 15µl of the products were separated by electrophoresis on a 2% agarose gel and visualized by
ethidium bromide staining. In addition, 8µl of the products were separated on a non-denaturing 6% polyacrylamide gel in a
sequencing apparatus at a constant voltage of 55W as reported by Doss (8) . After electrophoresis, the banding pattern was
visualized using SILVER SEQUENCE™ DNA staining reagents according to the SILVER SEQUENCE™ DNA Sequencing
System Technical Manual #TM023. For reamplification of selected bands, the silver-stained gel was exhaustively washed with
double-distilled water. The bands of interest were then carefully scratched from the gel with a sterile needle and used as
template for further PCR amplification.

Results and Conclusions
To search for genes selectively switched on or off in MDA-MB231 breast cancer cells after treatment with PTHrP [38–94], we
amplified cDNA from mRNA isolated from PTHrP-treated and untreated cells by reverse transcription using degenerate
hexanucleotides. Prior to DD-PCR analysis, the integrity of the cDNA preparations was checked by amplification in the
presence of primers specific for human β-actin (Figure 1).

Figure 1. Amplification of the β-actin gene from cDNA preparations from untreated and PTHrP[38–94]-treated MDAMB231 cells. cDNA preparations from untreated (lane 1) and PTHrP[38–94]-treated (lane 2) MDA-MB231 cells were amplified by
PCR with primers specific for β-actin. PCR products were separated on a 1% agarose gel and visualized by ethidium bromide
staining.

Internal regions of the isolated cDNAs were then subjected to PCR amplification using combinations of two 10mer primers
(Table 1) with arbitrary but defined sequences (7) . As shown in Figure 2, three of the combinations of arbitrary primers (BS57/
BS58, BS70/BS73 and BS76/BS78) generated electropherograms that showed differential gene expression.
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Preliminary analysis by agarose gel electrophoresis (Figure 2) showed a general decrease in the transcriptional activity of
MDA-MB231 cells in response to PTHrP[38–94] treatment. This is evident by the lower number of bands obtained after PCR
amplification of cDNA from PTHrP[38–94]-treated (lanes 1, 3 and 5) versus control preparations (lanes 2, 4 and 6). When the
same amplification reactions were run on a polyacrylamide gel and silver-stained, the resolution of the band pattern improved
enormously (Figure 3).

Figure 2. Polyacrylamide gel electrophoresis of products from DD-PCR of cDNA from untreated and PTHrP[38–94]treated MDA-MB231 cells. cDNA preparations from PTHrP[38–94]-untreated (lanes 1, 3 and 5) and treated (lanes 2, 4 and 6)
MDA-MB231 cells, were amplified in the presence of BS57/BS58 (lanes 1 and 2), BS70/BS73 (lanes 3 and 4) and BS76/BS78
(lanes 5 and 6) primer pairs. PCR products were separated by electrophoresis in a nondenaturing, 6% polyacrylamide gel and
visualized by silver staining. The arrows denote bands selected for reamplification.

Three bands, one from untreated and two from treated cells, were chosen for further analysis and submitted to re-amplification
with the same primers. The selected bands are denoted by arrows (Figure 3). Each of the cDNA fragments present in these
bands gave a robust yield of amplified product (Figure 4).
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Figure 3. Reamplification of bands isolated from the silver-stained polyacrylamide gel shown in Figure 3. Templates used
were: Lane 1, the band selected from BS57/BS58 amplification of cDNA from untreated cells (see Figure 3, lane 1); lane 2, the
higher molecular weight band (~260bp) and, lane 3, the lower molecular weight band (~170bp) from BS76/BS78 amplification of
cDNA from PTHrP[38–94]-treated cells (see Figure 3, lane 6). After PCR amplification, the reaction products were separated by
electrophoresis in a 2% agarose gel and visualized by ethidium bromide staining.

When a single band is obtained (Figure 4, lane 3), the amplification product can be directly sequenced after purification from
the gel. Alternatively, when more than one band appears in the electrophoretogram (e.g., Figure 4, lane 2), it is necessary to
cut and elute the discrete bands from the gel matrix, and to submit the eluted material to further cycle(s) of ampification,
electrophoresis and purification until preparations suitable for sequencing are obtained.
In conclusion, we can recommend the use of Promega's M-MLV Reverse Transcriptase, RNase H Minus Point Mutant for the
preparation of cDNA for use in DD-PCR, and Taq DNA Polymerase for the efficient production of cDNA fragments suitable for
sequencing after elution from DD-PCR gels.

REFERENCES

1. Wysolmerski J.J. and Stewart A.F. (1998) The physiology of parathyroid hormone-related protein: An
emerging role as a developmental factor. Annu. Rev. Physiol. 60, 431–60.
2. Luparello, C. et al. (1995) Parathyroid hormone-related peptide and 8701-BC breast cancer cell growth and
invasion in vitro. Evidence for growth-inhibiting and invasion-promoting effect. Mol. Cell. Endocrinol. 111,
225–32.
3. Luparello, C. et al. (1997) Clonal heterogeneity of the growth and invasive response of a human breast
carcinoma cell line to parathyroid hormone-related peptide fragments. Carcinogenesis 18, 23–9.
4. Wu, T.L. et al. (1996) Structural and physiologic characterization of the mid-region secretory species of
parathyroid hormone-related protein. J. Biol. Chem. 271, 24371–81.
5. Luparello, C. and Romanotto, R. (1998) Effetto del PTHrP [38-94] sulla proliferazione ed invasività di cellule
di tumore mammario umano. Atti Convegno Congiunto ABCD-AGI-SIBBM-SIMGBM, Montesilvano Lido/I.
6. Luparello, C. et al. (1993) Transforming growth factor beta 1, beta 2, and beta 3, urokinase, and parathyroid
hormone-related peptide expression by 8701-BC cells and clones. Differentiation 55, 73–80.
7. Sokolov, B.P. and Prockop, D.J. (1994) A rapid and simple PCR-based method of isolation of cDNAs from
differentially-expressed genes Nucleic Acids Res. 22, 4009–15.
8. Doss, R.P. (1996) Differential display without radioactivity – a modified procedure. BioTechniques 21, 408.

© Promega Corporation, Updated 2000.
http://www.promega.com/pubhub

6

Luparello, C., Chimenti, S., Santamaria, F., Sirchia, R. and
Ciacciofera, V.

HOW TO CITE THIS ARTICLE
Scientific Style and Format, 7th edition, 2006
Luparello, C., Chimenti, S., Santamaria, F., Sirchia, R. and Ciacciofera, V. Use of M-MLV RT, RNase H-, Point Mutant, for mRNADifferential Display Analysis of Parathyroid Hormone-Related Peptide (PTHrP)-Treated Breast Carcinoma Cells. [Internet] 2000. [cited:
year, month, date]. Available from: http://www.promega.com/resources/pubhub/enotes/use-of-mmlv-rt-rnase-h-minus-point-mutant-formrna-differential-display-analysis/
American Medical Association, Manual of Style, 10th edition, 2007
Luparello, C., Chimenti, S., Santamaria, F., Sirchia, R. and Ciacciofera, V. Use of M-MLV RT, RNase H-, Point Mutant, for mRNADifferential Display Analysis of Parathyroid Hormone-Related Peptide (PTHrP)-Treated Breast Carcinoma Cells. Promega Corporation
Web site. http://www.promega.com/resources/pubhub/enotes/use-of-mmlv-rt-rnase-h-minus-point-mutant-for-mrna-differential-displayanalysis/ Updated 2000. Accessed Month Day, Year.
SILVER SEQUENCE is a trademark of Promega Corporation.

Products may be covered by pending or issued patents or may have certain limitations. Please visit our Web site for more information.

© Promega Corporation, Updated 2000.
http://www.promega.com/pubhub

7

Luparello, C., Chimenti, S., Santamaria, F., Sirchia, R. and
Ciacciofera, V.

