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Recent studies have shown that 7B2 and the neuroen-
docrine-specific proconvertase PC2 have important
roles in pituitary cell proliferation and hormone secre-
tion. Studies from our laboratory have also shown that
TGFb1 regulates anterior pituitary cell proliferation
and hormone secretion.

To study the regulation of 7B2 in human pituitary
tumors, we used a cell line derived from a human pitui-
tary adenoma (HP75) that has been shown to express 7B2,
PC1, PC2, and TGFp receptors to analyze the effects of
TGFB1 and the histone deacetylase inhibitor (HDACI)
sodium butyrate (NaB) treatment on 7B2 mRNA expres-
sion along with the neuroendocrine-specific procon-
vertases 1/3 (PC1) and PC2 mRNA and protein expres-
sion. RNA was quantified by real-time PCR and proteins
were detected by immunohistochemistry and Western
blotting.

Treatment of cells with 1 mM NaB or 1 nM TGFf1 for
4 d decreased cell proliferation with a concomitant
increase in the cell cycle protein p21. Real-time PCR
analysis showed a significant increase in 7B2 mRNA
after NaB and TGFB1 treatment. PC2 mRNA was down
regulated by NaB while PC1 mRNA was unchanged.
TGFB1 stimulated PC1, but not PC2 mRNA levels.
Changes in PC1 and PC2 protein were similar to changes
in the mRNAs, but the differences were not significant.

These results indicated that NaB and TGFB1 inhibit
pituitary cell proliferation and regulate the expres-
sion of 7B2, PC1, and PC2 in a cell culture model of
pituitary tumors. Our results also indicate that inhibi-
tion of pituitary cell proliferation is associated with in-
creased expression of 7B2 mRNA.
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Introduction

Proprotein convertases are a family of subtilisin-like pro-
teases that produce mature functional proteins of peptides
by cleaving their precursors at usually pairs of basic residues
(1). Proprotein convertase 1/3 (PC1) and PC2 are largely
expressed by neuroendocrine cells and tumors, where they
are involved in the processing of prohormones and proneu-
ropeptides (2). 7B2 is an acidic protein present in the secre-
tory granules of neuroendocrine cells and functions as a
specific chaperone for PC2. The biological importance of
7B2 and PC2 in pituitary tumor development is illustrated
by the observation that 7B2-null mice lack PC2 activity,
and develop pituitary adrenocorticotropic hormone (ACTH)
hypersecretion (4). Although the functional link between
PC2 and 7B2 implies that expression of these genes are
coordinately regulated, there are very few studies that have
concomitantly analyzed the regulation of both genes in vitro
(3). In situ hybridization studies on rat brain have shown that
while all cells containing PC2 transcripts also contained
7B2 transcripts, there were cells containing 7B2 without PC2,
suggesting other roles for 7B2 (5).

Recent studies have shown that ACTH secretion is nega-
tively modulated by the intracellular level of 7B2 in ACTH-
producing AtT20 cells (6). A recent study showed that ACTH
hypersecretion in 7B2 null mice is mediated in part through
regulation of dopaminergic pathway as the pituitary of 7B2
null mice contained only a quarter of the normal levels of
dopamine and circulating ACTH in the null mice was low-
ered by bromocriptine treatment (7). PC1, PC2, and 7B2
are expressed by human pituitary adenomas (8,9), but their
roles in hormone processing and secretion in human pitu-
itary tumors are unknown and the regulation on 7B2, PC1,
and PC2 in human pituitary adenomas has not been previ-
ously examined.
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Histones are part of the core proteins of nucleosomes.
Acetylation and deacetylation of these proteins play a role
in the regulation of gene expression. Acetylation generates
a more open DNA conformation, with increased access to
the DNA by transcription factors (/0). The degree of acety-
lation is controlled by the opposing activities of histone ace-
tyl transferases (HATs) and histone deacetylases (HDACs).
It has been shown that cyclic adenosine monophosphate
response element-binding proteins (CBP/p300), which act
as coactivators for a numbers of transcription factor com-
plexes, are members of a group of proteins with intrinsic
HAT activity (11), HDACsS, in addition to deacetylation of
histone, may also regulate gene expression by deacetyla-
tion of transcription factors, such as p53, GATA-1, TFIIE,
TFIIF (12).

Histone deacetylase inhibitors (HDACI), which inhibit
HDAC activity, have been shown to be potent inducers of
cell growth arrest, differentiation, and/or apoptotic cell death
of transformed cells in vitro and in vivo (/0). The action of
HDACI on gene expression is selective. For example, the
expression of approx 2% of cellular genes changes in response
to treatment with TSA, aspecific HDAC inhibitor (/3). Buty-
rates represent short-chain fatty acids that are one of the
structural classes of the HDACI, and one of its analogs is
approved currently for use in clinical trials (/4). The molec-
ular basis of NaB-induced growth impairment are mainly
ascribed to increased p21WAFI/Cipl and p27XiP! proteins, in
which p21mRNA is up-regulated, while p27 protein deg-
radation is down-regulated (715,16). As 7B2, PC1, and PC2
promoter regions also contain cyclin adenosine response ele-
ments (CRE), these genes are expected to be up-regulated
with NaB treatment (3,17,18).

The HP75 cell line, which was derived from a human non-
functioning gonadotrophic adenoma, was established using
SV-40 large T antigen in our laboratory (/9). The cell line
has been shown to express PC1, PC2, and 7B2 along with
small amounts of FSH, LH, and CgA. This is one of the few
available human pituitary cell lines, so it is an invaluable
model to examine the biology and pathophysiology of 7B2,
PC1, and PC2 regulation in humans. We and others have
shown that this cell line is responsive to TGFB1 superfam-
ily members, TGFB1 (19), and activin after transfection of
wild-type activin receptor (20). Various studies from our
laboratory (19,21,22) and by others (20,23) have shown that
TBFB1 and other members of this superfamily play critical
roles in growth regulation and secretion of anterior pitu-
itary hormones. In this study, we analyzed cell prolifera-
tion, and expression of 7B2, PC1, and PC2 mRNA and their
proteins to study regulation of these genes in HP75 cells.
Our result showed that NaB and TGFB1 down-regulated
HP75 cell proliferation with increased p21 expression. NaB
up-regulated 7B2 mRNA expression and down-regulated PC2
mRNA, while TGFB1 up-regulated 7B2 mRNA and up-reg-
ulated PC1mRNA, but not PC2 mRNA. The results indi-
cate that both NaB and TGFf1 have important roles in 7B2

mRNA expression but they have different regulatory effects
on neuroendocrine-specific proconvertase expression.

Results

Cell Proliferation

Treatment with 1 nM TGFB1 and 1 mM NaB on HP75
decreased cell proliferation compared to the control group
(TGFB1,76.8+7.3%;NaB,49.7+8.2%) (Fig. 1A). TGFp1
and NaB treatment led to a decrease in thymidine incorpo-
ration (TGFf1, 89.8 + 14.4%; NaB, 56.8 = 12.7%) (Fig.
1B). NaB was more effective than TGFf1 in inhibiting cell
growth. Analysis of cell proliferation by proliferating cell
nuclear antigen (PCNA) showed a significant decrease in
the NaB-treated group (Fig. 1C).

Treatment with TGFB1 and NaB led to a significant in-
crease in p21 (Fig. 2A). Although the number of p27 posi-
tive cells increased after NaB and TGFf1 treatment, these
difference were not significant (Fig. 2B). Western blot anal-
ysis for p21 and p27 supported the immunohistochemical
findings (Figs. 2C-E).

Expression Levels of 7B2, PC1, and PC2

Expression of 7B2, PC1, and PC2 mRNA in HP75 cells
was analyzed by LightCycler (Roche). An amplification
plot of fluorescence versus cycle number for the standards
between 103 and 10° copies/capillary and targets were per-
formed. A signal was not present in the no-template con-
trol. A standard curve was then constructed by plotting the
cycle number of crossing points versus the standard log con-
centration. A melting curve analysis, which was the first
negative derivative of fluorescence versus temperature, was
done. Only one melting peak for each sample (standards
and targets) was observed. There was no signal in the no-
template sample. The final results of real-time PCR analy-
sis are shown in Figs. 3A—C. The expression of the house-
keeping gene hHPRT was used to normalize for mRNA
variation between different samples. hHPRT expression,
which was used as an internal control, correlated well with
another housekeeping gene (GAPDH) (data not shown).
NaB treatment increased 7B2 mRNA expression in HP75
cells more than 2.9-fold above control levels, while TGFf1
treatment increased 7B2 mRNA 1.4-fold. In the presence
of TGFB1, PC1 mRNA expression increased approx 2.5-
fold while NaB treatment did not change PC1 mRNA. PC2
mRNA expression was significantly decreased by NaB
treatment. Negative controls including omission of reverse
transcriptase or use of no-template samples did not give a
positive signal. Gel analysis showed a specific band with the
expected sizes for 7B2 and PC1. The real-time PCR effi-
ciency was calculated from the slopes in the LightCycler
Software 3.5 (Roche Diagnostics). The corresponding real-
time PCR efficiency of one cycle in the exponential phase
was calculated according to the equation: E = 10[—1/slope].
The efficiency of 7B2, PC1, and PC2 were 1.95, 1.89, and
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Fig. 1. Effect of TGFB1 or NaB treatment on HP75 cell prolifera-
tion. (A) Cell numbers per dish after 4-d treatment. (B) *H-thymidine
incorporations. Data are from nine experiments with duplicate
dishes. Results are expressed as percentage change compared
with control groups and are shown as mean + SEM. a: Compared
to control group (p < 0.01); b: compared to TGFS1 group (p <
0.01); ¢: compared to control group (p < 0.05), Cont: control
group, TGFB1: 1 nM TGF1 treatment group; NaB: 1 mM sodium
butyrate treatment group. (C) Immunocytochemical analysis of
PCNA.

1.83, respectively. Sequence analysis of ligated PCR prod-
ucts for 7B2, PC1, and PC2 were performed to confirm the
primer designs. The result agreed with the sequence from
the GeneBank database.

Western blot analysis of PC1 and PC2 with densitometric
analysis showed a slight increase in PC1 after TGFf1 treat-
ment, but no change in PC1 after NaB treatment (Fig. 4A).
PC2 protein was decreased after NaB treatment, but TGFf31
treatment had no effect on PC2 (Fig. 4B). 7B2 were not
detected by Western blotting in the HP75 cells, although posi-
tive-control pituitary tissues expressed 7B2 (data not shown).

Discussion

Using the HP75 human pituitary adenoma cell line as a
model, we showed that NaB and TGFf1 treatment decreased
proliferation of these tumor cells in vitro. The inhibition of
cell proliferation was more marked with NaB treatment than
with TGFB1. Inhibition of cell growth was accompanied
by significant up-regulation of p21WAFI/Cipl 7B2 gene ex-
pression was also influenced by TGFB1 and NaB treatment.
NaB up-regulated expression of 7B2 mRNA and down-regu-
late PC2 mRNA, and TGFB1 up-regulated 7B2 mRNA and
PC1 mRNA.

7B2 has been shown to be a molecular chaperone pre-
venting premature activation of proPC2 as these proteins
move to the Golgi complex and secretory granules (24). In
situ hybridization studies on rat brain have shown that while
all cells containing PC2 transcripts also contained 7B2 tran-
scripts, there were cells containing 7B2 without PC2, sug-
gesting other roles for 7B2 (5). 7B2-null mice not only lack
PC2 activity, but they also develop adrenocorticotropic hor-
mone (ACTH) hypersecretion, suggesting that 7B2 may
regulate hormone secretion (4).

Our study showed up-regulation of 7B2 mRNA expres-
sion by NaB and TGFB1 in HP75 cells. The 21 kDa 7B2
protein was not detected in HP75 cells while it was easily
detectable in a primary pituitary null cell adenoma used as
a positive control. Marcinkiewicz et al. demonstrated that
normal pituitary cells expressed 7B2mRNA but the 7B2 pro-
tein in corticotrophs, somatotrophs, and lactotrophs could
not be visualized by immunocytochemistry, and they pos-
tulated that the discrepancy was due to the storage capacity
and/or turnover (balance between biosynthesis and degra-
dation) (25). As HP75 cells have been shown to have few
secretory granules (79), the storage capacity for 7B2 is most
likely decreased. However, impairment of translation and/
or degradation could also be a potential reason for the dis-
crepancy between 7B2 mRNA and protein expression in
HP75 cells.

The autocatalytic conversion of proPC1 occurs in the
endoplasmic reticulum and its activation takes place in the
trans Golgi network (TGN) and immature granules (26).
Various studies suggest that proPC2 conversion to mature
PC2 may be initiated in the TGN, but takes place mainly in
the secretory granules (2). Our ultrastructural studies of HP75
showed only a few secretory granules (/9), so the process-
ing of PC2 as well as 7B2 in these cells may be different from
other neuroendocrine cells with more secretory granules.
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Fig. 2. Immunocytochemical analysis of p21 and p27 in HP75 cells after treatment with TGFB1 or NaB. The percentage of positive cells
are expressed as mean cell count + SEM from nine experiments. (A) Immunostaining for p21. p < 0.001 compared to control. (B)
Immunostaining for p27. (C) Western blotting for p21, p27, and B actin. Fifty micrograms of protein were used per lane as described in
Materials and Methods. Western blots from three separate experiments were analyzed by densitometry. Results of one representative
Western blot experiment is shown. Densitometric analysis of the fold-change for p21 (D) and p27 (E) are shown.

Our results demonstrated increased p21 after NaB treat-
ment in the HP75 cell line. NaB acts as HDACI and leads
to cell growth impairment and cell differentiation. Part of
the molecular bases of NaB-induced growth impairment is
ascribed to increased p21. The cyclic adenosine monophos-
phate response element-binding protein (CBP) has intrin-

sic HAT activity and the promoter regions of 7B2 and PC2
contain CRE binding sites. Our study revealed a decrease
in both PC2 mRNA and protein in HP75 cells after NaB
treatment for 4 d, with up-regulation of 7B2 mRNA. Petit-
Turcotte and Paquin observed that treatment with NaB for
24 h up-regulated 7B2 protein level and PC2 protein and
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Fig. 3. Effect of treatment with TGFB1 or NaB on 7B2, PC1, and
PC2 mRNA expression in HP75 cells. Data were from nine ex-
periments with duplicate real-time PCR measurements. Results
were normalized with the expression of hHPRT housekeeping
gene, expressed as percentage change compared with control
groups and shown as mean + SEM. (A) 7B2 mRNA expression.
(B) PC1/3 mRNA expression. (C) PC2 mRNA expression. a:
compared to control group (p < 0.01); b: compared to TGFS1
group (p < 0.01); ¢: compared to control group (p < 0.05).

coordinated regulation of both proteins by modulators of
protein kinase A and C in mouse P19 embryonal carcinoma
with neuronal differentiation (27). Differences in their expe-
riments and ours on PC2 expression could be related to dif-
ferent cell lines, the duration of treatment, and/or concentra-
tion of NaB used. A coordinated increase in the intracellular
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Fig 4. Western blotting for (A) PC1/3 (PCI) with densitometric
analysis of fold-change for PC1 (B), and for PC2 (C) with densi-
tometric analysis of fold-change for PC2 (D) are shown. Fifty
micrograms of protein was used per lane as described in Materials
and Methods. Western blots from three separate experiments were
analyzed. Results of one representative experiment are shown.
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levels of immunoreactive 7B2 and PC2 has been observed in
rMTC 6-23 cells treated with dexamethasone for 1-2 d (28).

The mechanism of gene expression with HDACI is due
to relaxation of DNA because of histone hyperacetylation
and this mechanism influences many genes. In contrast,
signaling from TGFp1 is transmitted to target genes via its
specific receptors, TGFB1 receptor I and II, and Smad pro-
teins (29). The HP75 cell line has been shown to decrease
cell proliferation in the presence of TGFfB1 or in overexpres-
sion of wild-type activin type IB receptor Alk4, which sug-
gests that the intracellular signaling pathway for TGFf1
superfamily is functional in HP75 cells (20). In this study,
TGFp1 treatment increased p21 mRNA expression, suggest-
ing that the signaling pathway to p21 gene (i.e., via TBRE)
(30) is also conserved. TGFB1 up-regulated 7B2 mRNA
but did not influence PC2mRNA in HP75 cells. Both 7B2
and PC2 protein levels increased after treatment with PMA
and dibutyryl-cAMP in mouse P19 embryonal carcinoma
with neuronal differentiation (27). The results of our studies
with TGFB1 suggest that 7B2 and PC2 expression may be
differentially sensitive to regulatory agents and may reflect
other roles of 7B2 in addition to that of a chaperone for PC2
in HP75 cells.

Real-time PCR using SYBR green I dye-based detection
was a rapid and sensitive method to quantify gene expres-
sion with high reproducibility (37). Competitive RT-PCR
is a PCR endpoint analysis that permits only semiquantita-
tive analysis at a low level of sensitivity and requires multi-
ple assays. Densitometric analysis of conventional PCR must
be performed in the linear phase of amplification rather than
the plateau phase. In order to validate the results of real-time
PCR, we performed gel analysis and melting-curve anal-
yses. We also showed that the results of the real-time PCR
for PC1 and PC2 mRNA with TGFp1-treated group were in
accordance with our previous studies using densitometric
analysis with conventional PCR (8).

In summary, our results showed that NaB and TGFj1
decreased cell proliferation with increase p21 expression in
HP75 cells. NaB also increased 7B2 mRNA expression and
down-regulated PC2 mRNA, while TGFB1 up-regulated
7B2 and PC1mRNAs, but not PC2 mRNA. These results
suggest that 7B2 mRNA expression is regulated by different
pathways in pituitary cells and that inhibition of cell prolif-
eration is associated with increased expression of 7B2 mRNA
in HP75 cells.

Materials and Methods
Cell Culture

Animmortalized cell line derived from a human nonfunc-
tioning pituitary adenoma, HP75 cell, was grown in com-
plete Dulbecco’s modified Eagle’s medium (DMEM) with
15% horse serum and 2.5% fetal bovine serum with 1 ug/mL
insulin and 1% antibiotics (all from Invitrogen, Carlsbad,
CA). The HP75 cells were plated onto 35 mm plastic dishes

at approx 0.1 x 109 cells/dish for thymidine incorporation
test or 25 cm? cell culture flask at 0.5 x 10° cells/flask for
other tests. The cells were treated with final concentration
of 10 M TGFB1 (R&D Systems, Inc., Minneapolis, MN)
or 1073 M of sodium butyrate (Calbiochem, San Diego, CA)
in complete DMEM for 4 d. The culture medium and reagents
were changed every other day. A total of nine experiments
were performed with the same culture condition.

Cell Proliferation

After 4 d of treatment, the culture mediums of the dishes
were changed, and 20 pCi 6-3H-thymidine (Perkin Elmer
Life Science Products, Boston, MA) was added and incu-
bated for 4 h. The cells were harvested and cell numbers
were counted with a hemocytometer. After centrifugation,
cell pellets were washed twice with PBS. The washed cells
were resuspended with 1 mL of PBS. Triplicate 100 L ali-
quots of the suspension were used for liquid scintillation
counting with Beckman LS6500 (Beckman Coulter, Inc.,
Fullerton, CA) as previously described (19).

Immunocytochemistry

The cells were harvested and aliquots were cytocentri-
fuged (approx 0.5 x 10° cells/slide) and fixed in 4% parafor-
maldehyde for 20 min and used for immumocytochemistry.
The remained of the cells were centrifuged and used for
RNA or protein extraction. Immunocytochemistry were per-
formed with the Avidin-biotin complex peroxidase meth-
ods as previously described (32). Monoclonal antibodies to
p21 (Transduction Laboratory, Lexington, KY), p27 (Trans-
duction Laboratory), and PCNA (Dako Corporation, Carpin-
teria, CA) were used at 1:500, 1:1000, and 1:500 dilution,
respectively. The slides were developed with diaminoben-
zidine chromogen. Cells were enumerated by counting a min-
imum of 500 cells per slide, and the results were expressed
as the percentage of positive cells.

RNA Extraction

Total RNA from the cultured cells were extracted using
TRIzol reagent (Invitrogen) and used for analysis of 7B2,
PC1, PC2, and hHPRT mRNA expression by real-time PCR.
The concentration of the total RNA solutions were mea-
sured with a spectrophotometer and aliquoted samples were
stored at —=70°C until use.

Reverse Transcription Reaction

First-strand cDNA was prepared from the total RNA by
using a ProSTAR™ first-strand RT-PCR kit (Stratagene,
LaJolla, CA) following the manufacturer’s instruction. The
reverse transcription reaction was carried out in a total vol-
ume 50 L with 5 ug of total RNA, containing 300 ng of oligo
(dT) primer, 1X RT buffer, 50 U of StrataScript" reverse
transcriptase, 40 U of RNase block ribonuclease inhibitor,
and 4 mM dNTPs. In terms of the order of adding reaction
components, total RNA and oligo-dT were mixed first, heated
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Table 1
Primers and Cycling Conditions for the LightCycler Real-Time PCR
Annealing Extensin Acquisition Range of
Length of  temperature  temperature temperature (°C)/ Cycle the standards
Gene Primer sequence” (5' - 3") Site  product (bp) (°C)/time (s) (°C)/time (s) time (s) or place  numbers (copies/capillary)

7B2 Pl CATTTGGGTCCTTTTGGCAAC  Exon 3 287
P2 CGCTTTCGTCTCTCTCCTCCC  Exon 5

PCl Pl TGGGCTGAACAACAGTATGAA Exon 3 248
P2 TTGGCATAAATGTCCGTGTGA  Exon 4

PC2 Pl CCTGGCCTCCAACTATAATG  Exon 5.6 273
P2 GCGCTGTAGATGTCAATCA Exon 8

HPRT? 181

68/2 72/12 72/at the end 35 103-10°
of extension
64/5 72/10 72/at the end 40 102-10°
of extension
64/5 72/11 83/3¢ 45 10'-10*
55/15 72/15 55/at the end 45 From 102 to 10°

of anealing copies RNA

“P1: upper primer; P2: lower primer.
bFrom LightCycler-h-HPRT Housekeeping Gene Set.

“As some sample amplicons had primer—dimers with melting temperature lower than 83°C on PC2 analysis, a high-temperature acquisition segment was

added in order to avoid influence of the dimers. s=seconds.

to 65°C for 5 min, and cooled at room temperature for 10
min to allow the primers to anneal to the RNA until addition
of the remaining reaction components. The mixtures were
allowed to proceed for 60 min at 42°C, followed by 5 min
of heating at 95°C and rapid cooling on ice. The cDNA
solutions were aliquoted and stored at —70°C until use.

Primers were designed using Oligo primer analysis soft-
ware version 5.0 (Molecular Biology Insights, Cascade,
CO). All primers were designed to cross intronic sequences.
The sequences of primers are shown in Table 1.

PCR Standard Synthesis

External DNA standards for 7B2, PC1, and PC2 were
constructed by TA-cloning of PCR fragments into pPGEM-
T easy vector (Promega, Madison, WI) according to stan-
dard protocols. cDNA from a human gonadotroph adenoma
was used as template. The PCR fragments were generated by
conventional RT-PCR with the same primers as described
above. Ligated fragments were transformed into XL 1-blue
competent cells (Stratagene), and a single colony was recov-
ered and cultured. The plasmid DNA was prepared by using
the Qiagen mini-prep (Qiagen, Valencia, CA) according to
the protocol. The sequence identity of the cloned fragment
in the purified plasmid DNA constructs was verified by DNA
sequencing using M13 forward primer at Mayo Molecular
Core Facility. After confirmation of the sequence, the plas-
mid with the fragment was transformed into the XL-1 blue
competent cells, cultured as a single colony, and purified
using Qiagen midi-prep (Qiagen). The plasmid DNA were
digested by EcoRI and the fragments were purified by 1%
gel electrophoresis followed by excision of the band of the
correct molecular weight and extracted with an Ultrafree-
DA centrifugal filter device (Millipore, Bedford, MA) and
concentrated using Microcon YM-100 centrifugal filter
(Millipore). In order to prevent contamination of bromophe-
nol blue (BPB), a loading buffer containing xylene cyanol
(CX) was used. Concentration of EcoRI fragments were

determined by measuring the OD at 260 nm using a spectro-
photometer. Copy numbers were calculated according to the
following equation: Copy number (copies/uL) = (6.023 x
10%molecules/mole x OD,g, x 50 ug/mL/OD x 10~%g/uL)
/ (662 molecular weight/bp x EcoRI fragments bp). The
standard solutions were adjusted to a concentration of 0.5
x 107 copies/uL, aliquoted, and stored at —70°C. Just before
the PCR reaction, the standard solution was diluted 1:10
with nano-pure water and used making standard curve.

Real-Time PCR

PCR amplification and analysis were performed with a
LightCycler instrument (Roche Diagnostics, Alameda, CA)
and the software version 3.0, respectively, by using SYBR
Green I as a double-strand DNA specific binding dye.
Amplification was carried out in a total volume of 20 uL
containing 0.5 uM of each primer, 4 mM MgCl,, 2 uL
LightCycler FastStart DNA master SYBR green I, and 2
pL of sample or standard cDNA prepared as described above.
The standards and the samples were simultaneously ampli-
fied using the same reaction master mixture. For each pri-
mer combination optimal MgCl, concentration and anneal-
ing temperature were experimentally determined. For all
primers 4 mM MgCl, was optimal. The reactions were incu-
bated at 95°C for 10 min to activate the polymerase followed
by amplification cycles. PCR cycle conditions for each
gene were shown in Table 1. Fluorescence was acquired at
72°C for 7B2 and PC1, at 83°C for PC2 because of persis-
tent primer—dimers when the melting temperature was lower
than 80°C (33). After cycling, melting curves of the PCR
products were performed by stepwise increase of the tem-
perature from 69°C to 95°C with a temperature transition
rate of 0.1°C/s.

hHPRT mRNA expressions were measured using Light-
Cycler-h-HPRT Housekeeping Gene Set and LightCycler-
FastStart DNA Master Hybridization Probes (Roche diag-
nostics) according to the manufacturer’s protocol. Reverse
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transcription reaction was carried out in a total volume 25
uL with 6.25 uL of each RNA template (10° to 10? copies/
uL) that were provided from the hHPRT housekeeping gene
set. The other RT-reaction conditions were the same as de-
scribed above. Polymerase chain reactions for hHPRT were
performed according to the manufacturer’s protocol. The
final result are expressed as fold of induction according to
the following equation: Relative expression of the target
gene = (Copies of target gene)/(Copies of hHPRT). Values
for controls were finally set to 100%.

To ensure that the correct product was amplified, all
amplicons were separated by 2% agarose gel electrophore-
sis and stained with 0.75 pg/mL of ethidium bromide. Gel
analysis was performed with Gel Doc system and Quantity
One Software ver. 4.3.0 (Bio-Rad Laboratories, Hercules,
CA). To check for contamination, all PCR amplifications
were performed with water. An RT-negative sample was
also used as a negative control.

Western Blotting

Total protein was extracted with a lysis buffer (Immuno-
precipitation Kit, Roche) and quantified with DC Protein
Assay Kit (Bio-RAD). One-dimensional sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was
performed with a 12% or 8.5% gel as previously reported
(34). The electrophoresed proteins (50 pg) were transferred
to a PVDF membrane and subjected to immunoblot anal-
ysis with monoclonal antibodies to p21 (1/500 dilution),
and p27 (1/500) and polyclonal antisera to 7B2 (1/1000,
Phoenix, Pharmaceuticals, Inc., Belmont, CA), PC1 (1/1000)
and PC2 (1/2000, gift from Dr. D. Steiner). The reactions
were detected with ECL Western blotting detection reagents
and analysis system (Amersham Biosciences Corporation,
Piscataway, NJ). In order to correct for protein loading, [3-
actin monoclonal antibody (1/1500, Sigma) was used. Quan-
tification of the bands by densitometry was carried out with
Chemi Doc system and Quantity One Software (Bio-Rad
laboratories). Western blotting was performed on three inde-
pendent experiments and the result was shown as the mean.

Statistical Analysis

A total of nine experiments for immunocytochemistry
and RT-PCR was performed. Results were expressed as the
mean = SEM. For statistical evaluations data were analyzed
by t-test. Differences were considered significant at p < 0.05.
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