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Abstract
Background—The retinoblastoma tumor suppressor (RB) is a key regulator of cell cycle
progression and is functionally inactivated in the majority of human non-small cell lung cancers
(NSCLC). The specific influence of RB on therapeutic response in NSCLC remains elusive.

Materials and Methods—We investigated the consequence of re-introduction of RB on
checkpoint response and chemosensitivity in NSCLC cell lines. RB introduction into RB-proficient
(NCI-H1299) and -deficient (H1734, H2172) NSCLC cells was achieved by adenoviral infection.
RB/E2F target gene expression was determined by immunoblot analysis. Cell cycle response and
viability after chemotherapeutic exposure were assessed by flow cytometry and MTT viability assay.

Results—RB reconstitution in RB-deficient lines restored regulation of topoIIα, TS, and cyclin A.
Similarly, RB overexpression in RB-proficient cells caused further regulation of some RB/E2F target
genes including TS and topoIIα. In addition, RB overexpression resulted in restoration of the G1
arrest mechanism. Exposure of RB-proficient cells to cisplatin, etoposide, or 5-FU elicited arrest in
various phases of the cell cycle while lines deficient for RB exhibited different checkpoint responses.
However, introduction of RB restored ability to arrest following chemotherapeutic exposure.
Chemotherapeutic challenge resulted in varying effects on cellular viability independent of RB status,
yet restoration of RB activity conferred partial chemoresistance.

Conclusions—These results demonstrate that Rb reconstitution into RB-deficient NSCLC lines
establishes regulation of certain RB/E2F target genes and restores G1 arrest mechanisms.
Furthermore, introduction of RB enhances the G1 checkpoint response to chemotherapeutics and
decreases chemosensitivity. Knowledge of RB-dependent chemosensitivity may ultimately
contribute to individualized therapy based on molecular characterization of tumors.
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Introduction
Lung cancer is the greatest cancer killer in the world, causing over one million deaths annually
worldwide [1]. More than 170,000 new cases are diagnosed every year in the United States
alone [2]. RB inactivation is among the most common abnormalities in lung cancer [3]. Non-
small cell lung cancer (NSCLC), the histologic subtype which accounts for over 80% of lung
cancers, exhibits RB inactivation via a diversity of mechanisms including mutation [4,5],
deregulated phosphorylation through abnormal CDK4/Cyclin D expression, and loss of
p16INK4A activity by aberrant promoter methylation [6] or homozygous deletions or point
mutations [7,8].

RB functions by regulating transcription of numerous target genes, thereby controlling
progression through the cell cycle. RB impacts cell cycle progression through transcriptional
co-repression, acting on specific promoters [9–11]. For example, RB associates with the E2F
family of transcriptional regulators that induce cell cycle progression [12]. When bound by
active RB, the function of E2F as a transcriptional activator is antagonized. Upon disruption
of this repressor complex, the antiproliferative activity of RB is negated [11,13,14].

The activity of RB is modulated by its degree of phosphorylation. In early G1, RB is in an
active hypophosphorylated state, during which it inhibits cell cycle progression. When exposed
to mitogenic signals, RB is phosphorylated by the action of CDK4 and D cyclins [15,16].
Subsequent phosphorylation by CDK2/Cyclin E results in hyperphosphorylated RB [17].
These combined events functionally inactivate RB and facilitate progression into S phase
[17]. Appropriate coordination of the cell cycle maintains genomic integrity by ensuring
faithful replication and partitioning of the genome [18,19]. Inactivation of cell cycle control
mechanisms predisposes cells to the development of genomic instability and cancer [20,21].

Loss of RB function leads to deregulation of cell cycle control such that cells respond
inappropriately to challenge with chemotherapy [22,23]. The basis for this is not completely
understood, but discrete targets of RB-mediated transcriptional repression include genes
involved in cell cycle control, and DNA repair. Using microarray analysis of RNA from cells
harboring an inducible constitutively-active RB, our has group identified over 200 targets of
RB-mediated repression, the majority of which are involved in cell cycle control, DNA repair,
and transcription/chromatin structure [24]. Among the targets of RB-mediated repression are
certain molecular targets of chemotherapeutic agents. For example, thymidylate synthase (TS)
is the target of 5-fluorouracil (5-FU) and topoisomerase IIα (topoIIα) is the target of etoposide
(VP-16). This finding, as well as the prior observation that absence of RB causes elevation in
TS levels resulting in resistance to 5-fluorodeoxyuridine (which is metabolized to 5-FU)
[25], suggested that deregulation of specific RB targets could contribute to altered
chemosensitivity. Our group subsequently exploited the Cre/LoxP system for targeted
disruption of Rb, thereby showing that RB mediates chemotherapy-induced cell cycle
inhibition in adult fibroblasts [26,27].

Together, these data support the proposition that functional deregulation of RB disrupts cell
cycle checkpoint control in human cancers, thereby altering chemosensitivity and survival. In
the majority of NSCLC, RB is functionally inactivated through a diversity of mechanisms.
Chemotherapy is the primary treatment for advanced NSCLC; it also plays an important
adjuvant role after surgical resection of early disease. NSCLC is thus an ideal system to evaluate
the effect of discrete mechanisms of RB inactivation on therapeutic response. We therefore
hypothesized that RB replacement into RB-deficient NSCLC lines would delineate a role for
RB in chemotherapeutic response.
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Materials and Methods
Cell Culture

NSCLC lines NCI-H1299, H1734, and H2172, and human embryonic kidney cells transformed
with adenovirus type 5 (HEK 293 cells) were purchased from American Type Culture
Collection (Manassas, Virginia). The lung cancer cells were grown at 37°C with a 10% CO2
atmosphere in RPMI 1640 (Mediatech, Inc., Herndon, VA) supplemented with 10% fetal
bovine serum (FBS), 2 mM L-glutamine, penicillin (100 units/mL, Mediatech), and
streptomycin (100 μg/mL, Mediatech). HEK 293 cells were grown in DMEM (Mediatech)
supplemented as above.

Construction of Recombinant Adenoviral Vector Containing Rb
The retinoblastoma gene (Rb) was excised from pCMV-wtRb [28] using BamHI. The shuttle
vector pShuttleCMV-wtRb was constructed by ligating the full length Rb cDNA obtained
above into the BglII site of pShuttleCMV (Qbiogene, Inc., Irvine, CA) using T4 DNA ligase
(New England Biolabs, Inc., Beverly, MA). The cloned shuttle vector was transformed into
DH5α E. coli for amplification. Plasmid DNA was isolated from E. coli using QIAGEN Mini
Kits (QIAGEN, Inc., Valencia, CA) and insertion was confirmed by digestion with PacI.
Digestion products were resolved in a 1% agarose gel, stained with ethidium bromide, and
visualized under UV light. Orientation of the insert was confirmed by PCR analysis, using the
primers CMV Forward 5′GGCGTGTACGGTGGGAGG3′ and Rb Reverse 5′
TAACCAAGCTCTCTCTCTGA3′ (Integrated DNA Technologies, Inc., Coralville, IA), and
were resolved on agarose gels as above. 10 μg of pShuttleCMV-Rb or pShuttleCMV-Empty
(control virus) were linearized with PmeI and resolved on a 1% agarose gel. Linearized
plasmids were purified using QIAEX II gel extraction kit (QIAGEN). BJ5183 E. coli were
transformed with the AdEasy vector (Qbiogene) grown in low salt media and prepared to be
electrocompetent. Purified plasmid DNA (1.5 μg) was electroporated (Bio-Rad Gene Pulser
II, Bio-Rad Laboratories, Hercules, CA) at 200 Ohms, 25 μF, and 2.25 kV, into the transformed
BJ5183 bacteria containing pAd5ΔE1/ΔE3 (AdEasy vector) and plated on LB agar plates with
30μg/mL kanamycin (Sigma, St. Louis, MO). Colonies were expanded and plasmid DNA was
isolated as described above. Recombination was confirmed by digestion with PacI and resolved
in agarose as above. Recombinant adenoviral plasmids pAd-Rb and pAd-Empty were
electroporated as above into DH5α E. coli for large scale amplification. Plasmid DNA was
isolated using QIAGEN Midi Kit (QIAGEN), linearized with PacI, and transfected into HEK
293 cells using FuGene 5 Transfection Reagent (Roche Diagnostics Corp., Indianapolis, IN)
for propagation.

Purification and Infection of Recombinant Adenovirus
Ad-Rb and Ad-Empty were purified by double cesium chloride gradient and viral titers were
determined by the tissue culture infectious dose 50 (TCID50) method as described (Qbiogene).
NSCLC lines in logarithmic growth phase were infected at multiplicities of infection (moi) of
100 pfu/cell.

Immunoblot Analysis
Untreated cells were in logarithmic growth phase when harvested. Infections were performed
one day after seeding and were harvested 72 hours post-infection. All cell lines were harvested
by trypsinization and washed once with PBS after harvesting. Lysis was performed in RIPA
buffer containing 150 mM sodium chloride (Fisher Scientific Co., Pittsburgh, PA), 1% NP40
(Amresco, Solon, OH), 0.5% deoxycholate (Sigma), 0.1% SDS (Fisher) and 50 mM tris
chloride pH 8.0 (Fisher), with protease inhibitors: PMSF (1 mM, Sigma), NaF (5 mM, Sigma),
β-glycerophosphate (13 mg/mL, Sigma), sodium orthovanadate (120 μg/mL, Sigma),
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benzamide-HCl (10 μM, Sigma), 1,10 phenanthroline HCl (10 μg/mL, Sigma), aprotinin (10
μg/mL, Sigma), leupeptin (10 μg/mL, Roche), and pepstatin (10 μg/mL, Sigma). Samples were
then sonicated to complete lysis and stored at −80°C. Protein concentrations were determined
by protein assay kit (Bio-Rad), and equal amounts of protein were resolved by SDS-PAGE,
and transferred onto nitrocellulose membranes. Specific protein detection was performed with
human RB antibody (851 polyclonal antisera [23]), β-Tubulin D-10 mouse monoclonal
antibody (Santa Cruz Biotechnologies Inc., Santa Cruz, CA), topoisomerase IIα H-231
polyclonal antibody (Santa Cruz), thymidylate synthase (TS) polyclonal antibody (Taiho
Pharmaceutical Co., Ltd., Kawauchi, Tokushima, Japan), and cyclin A H-432 polyclonal
antibody (Santa Cruz) followed by horseradish peroxidase-conjugated secondary antibodies
(Pierce Biotechnologies Inc., Rockford, IL) and electrochemiluminescence (ECL) reagents
(Perkins Elmer Life Sciences Inc., Boston, MA).

Cellular Viability Assays and Chemotherapeutic Treatment
On day 0, NSCLC lines were seeded on 60 mm plates. On day 1, cell lines were infected and
PBS (250 μL) was added to uninfected cell lines. On day 2, cells were seeded into 96-well
plates at 5,000 cells per well in 90 μL RPMI 1640 medium supplemented as above. Cells were
plated in the presence of 16 μM cisplatin (cis-diaminedichloroplatinum II (CDDP)) (Ben Venue
Laboratories, Inc., Bedford, OH), 12 μM etoposide (VP-16) (Sigma), 150 μM 5-fluorouracil
(5-FU) (Sigma), or PBS (10% v/v final concentration for untreated and positive controls). On
day 4, viability was determined by adding 3-(4,5-dimethylthiazol-2-yl)-2,5-
dibenzyltetrozolium bromide (MTT) reagent (50 μg in 10 μL PBS) to each well. Cells were
incubated for 4 hours then solubilized with 110 μL of 10% Triton X-100 (AMRESCO), 0.1 N
HCl (Fisher) in anhydrous isopropanol (Fisher). Colorimetric analysis was performed at 570
nm, and values for control cells were considered as 100% viable. Change in viability was
calculated as Ad-Rb infected cells compared to Ad-Empty controls.

Flow Cytometry
On day 0, cells were plated on 100 mm plates and allowed to adhere overnight. On day 1, they
were infected or treated with PBS (uninfected control) as above. On day 2, infected and
uninfected cell lines were treated with PBS, CDDP, VP-16, or 5-FU as above. On day 4, cells
were harvested by trypsinization, washed with PBS, and fixed in ice-cold 70% ethanol. Cells
were then washed again with PBS and resuspended in 200 μL PBS, then stained with propidium
iodide (1 μg/mL in PBS, Sigma) and RNaseA (40 μg/mL, QIAGEN) 30 minutes before DNA
content was analyzed by flow cytometry (FACS Coulter Epics XL, Beckman Coulter, Miami,
FL). To verify cell cycle distribution, cells were labeled with BrdU for 4 hours prior to fixation
and PI/BrdU bivariate flow cytometric analyses were performed as previously described [29].
The fraction of G1, S, and G2/M populations was determined by analysis using ModFitLT 2.0
(Verity Software House, Topsham, ME) and the sum was normalized to 100%. The increase
in the G1 population was determined by comparing Ad-Rb infected cells to Ad-Empty control
cells.

Results
Absence of functional RB is not associated with E2F regulated gene products in NSCLC lines

Loss of Rb results in deregulated expression of a host of target genes in cells containing an
inducible (tetracycline-regulated) system [24], as well as with targeted disruption of Rb using
the Cre-LoxP system [27]. In order to determine if RB level alone determines the expression
of corresponding genes, such as cyclin A, TS, and topoIIα, in human lung cancer cells, we
utilized a panel of NSCLC lines. RB-deficient lines (NCI-H1734, and H2172) were compared
to an RB-proficient line (H1299) [30]. Immunoblot analysis verified the expression of RB in
the H1299 cells and its absence in the H1734 and H2172 cells (Fig. 1). RB-deficient cells
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exhibited elevated levels of topoIIα compared to the RB-proficient line. However, TS and
cyclin A levels were comparable in RB-proficient and -deficient lines. Thus, the genetic targets
of RB/E2F appear to be variably influenced by RB in the setting of human lung cancer.

Chemotherapeutic exposure of NSCLC cells invokes checkpoint responses unrelated to RB
expression

In order to evaluate whether RB status influences the checkpoint responses of NSCLC lines,
cells were treated with three distinct chemotherapeutic agents: cisplatin (CDDP) etoposide
(VP-16) and 5-fluorouracil (5-FU). Cisplatin is used therapeutically for lung cancer and the
in vitro checkpoint response to this agent has been shown to be RB-dependent [22,23].
Etoposide was evaluated because it has been used in the clinical management of lung cancer
and because the molecular target of the drug, topoIIα, is regulated by RB. TS, the target of 5-
FU, is also regulated by RB and this agent was therefore tested.

Cell cycle distributions of the three cell lines were assessed by flow cytometric analysis of
propidium iodide-labeled cells after 48 hours of chemotherapeutic exposure (16 μM CDDP,
12 μM VP-16, or 150 μM 5-FU), and G1, S, and G2/M-phase percentages were verified using
bivariate (PI/BrdU) flow cytometric analysis. There was no absolute relationship between S-
phase entry (i.e. proliferative capacity) and RB when comparing the three different cell lines
(Fig. 2A). For example, the arrest mechanism induced by cisplatin exposure yielded
predominantly S- and G2/M-phase accumulation in the RB-proficient cells compared to the
two RB-deficient lines in which the S-phase arrest was slightly less pronounced. Similarly,
when compared to untreated cells, 5-FU exposure of the RB-proficient line yielded a cell cycle
block in S phase, while the two RB-deficient lines had minimal change in cell cycle distribution.
Etoposide induced a G2/M arrest in the RB-proficient H1299 cells, as well as the RB-deficient
H2172 cells, but resulted in an S-phase block in the RB-deficient H1734 cells. Cell cycle
distributions are summarized, in Figure 2A where G1, S, and G2/M-phase percentages are
reported. Thus, the G1 arrest mechanism which is classically controlled by RB activity was
not clearly demonstrable in the setting of the assorted checkpoints that were induced by the
chemotherapeutic agents, particularly when comparing cell lines containing an otherwise
diverse genetic background. While the checkpoints caused by certain chemotherapeutic
treatments appear to depend on RB status, this is not consistently demonstrated by comparing
different cell lines.

The viability of NSCLC cell lines was assessed after 48 hours of treatment with
chemotherapeutic agents as described above. In vitro cellular viability after chemotherapeutic
treatment was measured using the MTT assay. Cisplatin caused significantly decreased cellular
viability in the RB-deficient setting (H1734 and H2172) (Fig. 2B). However, etoposide resulted
in no significant change in viability between the RB-proficient and -deficient lines.
Furthermore, 5-FU exposure did not cause altered viability depending on RB status, despite
titrating the concentration to levels much higher than required for diminished viability in other
cells lines [27]. Therefore, RB status appears to determine sensitivity to cisplatin. But RB alone
does not account for differences in chemosensitivity to etoposide and 5-FU when comparing
separate lung cancer cell lines.

RB reconstitution restores control of RB/E2F target genes and results in G1 accumulation
In order to more specifically study the role of RB in NSCLC, we manipulated RB expression
to evaluate its effects in a consistent genetic background. Recombinant adenovirus was used
to reconstitute RB activity in RB-deficient lung cancer cells (Fig. 3A). Adenoviral delivery of
RB (Ad-RB) (lanes 4 and 6) downregulated TS, cyclin A, and topoIIα in RB-deficient NSCLC
cells compared to controls (lanes 3 and 5). Even in an RB-proficient background (H1299), RB
overexpression (lane 2) resulted in further downregulation of RB target genes. Thus, re-
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introduction of RB activity into RB-deficient lung cancer cells is sufficient to restore regulation
of certain RB/E2F target genes. The cell cycle distribution after RB reconstitution was then
determined by flow cytometric analysis. Adenoviral delivery of Rb increased the G1
population, particularly in the RB-deficient lung cancer cells (Fig. 3B). Calculated cell cycle
percentages are given as G1-S-G2 in Figure 3B. Interestingly, infection with the control virus
(Ad-Empty) resulted in a slight alteration in cell cycle distribution, manifested as a trend toward
an increase in S-phase. We therefore used the Ad-Empty infected cells as the control for all
experiments involving RB reconstitution via adenoviral delivery. These results demonstrate
that adenoviral delivery of Rb effectively restores RB activity in NSCLC lines.

RB reconstitution potentiates the G1 arrest in response to chemotherapeutic exposure and
decreases chemosensitivity

Cell cycle checkpoint responses resulting from chemotherapeutics were analyzed after
adenoviral delivery of Rb or the empty control. In the two RB-deficient cell lines, RB
overexpression increased the G1 population after exposure to cisplatin, etoposide, and, to a
lesser extent, 5-FU (Fig. 4A). Therefore, reconstitution of RB activity restores a
chemotherapeutic-induced G1 checkpoint mechanism in lung cancer cells.

After RB restoration, cellular viability after chemotherapeutic treatment was assessed using
the MTT assay (Fig. 4B). The difference in viability attributable to RB reconstitution
(compared to Ad-Empty control) was determined in the setting of chemotherapeutic exposure.
RB overexpression in the RB-deficient NSCLC cells yielded a moderate decrease in
chemosensitivity (represented by increased viability) compared to the empty vector control,
although the extent of chemoresistance depended on the cell line and the chemotherapeutic
agent. For example, the H1734 cells are relatively resistant to cisplatin compared to H2172
cells (Fig. 2B). When RB is reconstituted, this difference is sustained (Fig. 4B). Notably, the
H1734 cells harbor intact p53 (RB−/p53+) while p53 is absent in the H2172 line (RB−/p53−).
Thus, other determinants of chemoresponsiveness, such as the p53 pathway, certainly
contribute to regulation of the chemotherapeutic effect and may account for variation
depending on the cell line and the therapeutic agent. However, RB overexpression in the RB-
proficient line resulted in no alteration in chemosensitivity. Hence, RB activity is able to alter
chemosensitivity in NSCLC lines to varying degrees, even in the genetic background of diverse
mutations present in NSCLC lines.

Discussion
Mutation or functional inactivation of RB is frequent in human malignancies including lung
cancer [3–8,20,31]. A critical role of RB is checkpoint control, which includes arrest
mechanisms invoked after genotoxic insults such as chemotherapeutic exposure. While
chemotherapy has been employed for decades in the treatment of metastatic lung cancer, recent
clinical studies have defined an important role for chemotherapy in all but the earliest stage of
NSCLC [32,33]. Thus, in order to improve the design of efficacious treatment modalities, it is
imperative to define the mechanism by which deregulation of RB checkpoint control in NSCLC
modifies responsiveness to chemotherapy. In this study we restored RB expression in RB-
deficient NSCLC cells (Fig. 3). Re-introduction of RB restored the regulation of RB/E2F target
gene products (Fig. 3A). RB overexpression, particularly in the RB-deficient cells, also led to
a G1 arrest (Fig. 3B). We then determined the effect of RB re-introduction on checkpoint
responses to chemotherapeutic treatments. Re-introduction of RB activity in RB-deficient
NSCLC cells caused an increase in G1 accumulation upon chemotherapeutic treatment (Fig.
4A). We also assessed cellular viability after exposure to chemotherapeutics. Restoration of
RB activity in RB-deficient cells conferred increased chemoresistance (Fig 4B). Together these
results demonstrate that return of RB activity in RB-deficient NSCLC lines establishes
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regulated expression of RB/E2F target genes and confers a G1 arrest. Furthermore, return of
RB function enhances the G1 checkpoint response to chemotherapeutics and decreases
chemosensitivity.

Prior studies of the role of RB in chemotherapeutic response have lacked an ideal model system.
One approach has been to focus on one cancer type and to correlate RB status among different
lines with chemoresponsiveness [25]. This strategy is limited by the diverse genetic
background present in human tumors, thus precluding the attribution of findings specifically
to the activity of RB. Our group and others have therefore used the approach of specifically
manipulating RB in an otherwise consistent genetic background. For example, mice harboring
defined genetic loss of RB have been engineered. Since homozygous germline deletion of RB
causes embryonic lethality, such studies have been limited to cells obtained early in embryonic
development, such as murine embryo fibroblasts (MEFs) [22,23,34]. This system was utilized
to compare Rb+/+ to Rb−/− MEFs and showed that cell cycle arrest in G1/S invoked after
genotoxic insults are RB-dependent. A confounding issue proposed for this model was that
other pocket proteins, namely p107 and p130, possess some functional redundancy with RB
and might compensate for chronic RB loss. Thus, our group took the approach of acute removal
of RB activity using a Cre/LoxP system to target disruption of Rb [26,27]. In murine adult
fibroblasts, chemotherapy-induced cell cycle inhibition was determined to be RB-dependent
even with acute RB loss. In this study, we show that RB status alone in NSCLC lines does not
determine the cell cycle response to chemotherapeutic exposure; however, re-introduction of
RB into the RB-deficient cells increases G1 accumulation in response to chemotherapeutic
exposure and decreases chemosensitivity

While the central role of RB activity on cell cycle progression and its activity as a transcriptional
co-repressor are well-accepted, the known genetic targets of RB repression were limited.
Therefore, Markey and colleagues used an unbiased approach of RNA microarray analysis
comparing cells of identical genetic background, only differing in RB status [24]. Exploiting
a tetracycline-inducible constitutively active RB, a panel of target genes (e.g. TS, cyclin A,
cyclin E) exhibited RB-dependence. Here we have demonstrated that reintroduction of RB into
RB-deficient NSCLC cells restores the regulation of RB/E2F target genes. Furthermore, loss
of RB in fibroblasts compromises the checkpoint response to DNA damaging agents with
distinct primary targets (ionizing radiation, topoisomerase I inhibitors, alkylating agents), as
well as antimetabolites (5-FU, methotrexate, hydroxyurea) [26,27,35,36]. In RB-deficient
NSCLC cells, similar agents induce checkpoint responses that are reconstituted by RB
replacement.

In contrast to murine fibroblast models, human tumors possess a multiplicity of genetic
anomalies. Indeed, in the evolution of human tumors, loss of RB activity is usually not the
initiating event, but occurs in conjunction with other genetic lesions such as loss of p53 function
[37]. Likewise, human NSCLC typically possesses multiple mutations [3]. Thus, specific
manipulation of RB in the genetic background of a human neoplasm can offer a system that
more accurately models the clinical setting in which the effect of RB on checkpoint control is
relevant. Our approach to replace RB in RB-deficient lines has been used by others [25,38,
39]. Yet, it is possible that overexpressed RB after adenoviral delivery may not respond to the
complex regulation to which the endogenous protein is normally subjected. In fact, this
possibility is somewhat borne out by the demonstration of further downregulation of RB target
genes in the H1299 (RB-proficient) cells. However, this also suggests that the targets of RB
activity are appropriately responsive to the overexpressed RB, indicating an intact control
mechanism. A comparable effect is also seen with an increased G1 population when RB was
overexpressed in the H1299 cells. Thus, RB replacement by adenoviral induction may not
exactly replicate reintroduction of physiological RB level; however, it models a mechanism of
altering checkpoints specific to RB re-introduction.
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In conclusion, this study demonstrates that RB activity affects chemoresponsiveness in NSCLC
cells. Despite a variety of checkpoints evoked by chemotherapeutics in NSCLC lines, RB
restoration caused G1 phase accumulation, thus demonstrating that downstream effector
mechanisms of RB activity are sufficiently intact to achieve a consistent cell cycle arrest.
Additionally, reconstitution of RB activity restores the regulation of RB/E2F target genes,
alters checkpoint responses to chemotherapeutics, and leads to decreased chemosensitivity.
Knowledge of RB-dependent chemoresponsiveness may ultimately contribute to
individualized targeting of lung cancer therapy based on molecular characterization of human
tumors.
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FIG. 1.
Absence of functional RB is not directly associated with E2F regulated gene products in
NSCLC lines. RB-deficient cells (H1734 and H2172) exhibit deregulated levels topoIIα, but
not of cyclin A and TS, compared to RB-proficient cells (H1299). Tubulin serves as a loading
control. TS = thymidylate synthase; topoIIα = topoisomerase IIα.
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FIG. 2.
Chemotherapeutic exposure in NSCLC cells invokes variable checkpoint responses and altered
cellular viability unrelated to RB expression. (A) Calculated G1, S, and G2/M-phase
percentages of propidium iodide-stained cells after chemotherapeutic treatment are shown. (B)
MTT assays were utilized to calculate cellular viability. RB-deficient cells (H1734 and H2172)
are more sensitive to CDDP treatment then RB-proficient cells (H1299). VP-16 and 5-FU lead
to diminished viability independent of RB status when separate cell lines are compared. All
values represent average percentages of at least three independent experiments. Error bars
indicate one standard deviation. CDDP = cisplatin; VP-16 = etoposide; 5-FU = 5-fluorouracil.
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FIG. 3.
RB reconstitution restores control of RB/E2F target genes and results in G1 accumulation. (A)
Adenoviral delivery of RB restores regulation of TS, cyclin A, and topoIIα expression levels
in RB-deficient NSCLC cells (H1734 and H2172) compared to control infection. Even in an
RB-proficient background (H1299), RB overexpression results in further downregulation of
RB/E2F target genes. Tubulin is used as a loading control. Lanes 1, 3, 5 = Ad-Empty (−); lanes
2, 4, 6 = Ad-RB (+); TS = thymidylate synthase; TopoIIα = topoisomerase II alpha. (B)
Adenoviral delivery of RB increases the G1 population, particularly in RB-deficient cells
(H1734 and H2172). Histograms represent 10,000 cells. Calculated cell cycle distributions are
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represented as percentages (G1-S-G2/M). Values in the table represent the average of three
independent experiments.
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FIG. 4.
RB reconstitution leads to increased efficiency of the G1 arrest mechanism and increased
cellular viability in response to chemotherapeutic exposure. (A) Graph represents the increase
in G1 population in Ad-RB infected cells compared to Ad-Empty (control) virus, and exposed
to chemotherapeutic challenge. In the RB-deficient cells (H1734 and H2172), RB
overexpression (compared to the control infected cells) increases the G1 population after
exposure to chemotherapeutic agents thereby restoring G1 checkpoint activity. (B) MTT assays
were utilized to determine cellular viability of Ad-RB infected cells versus Ad-Empty (control)
infection after chemotherapeutic exposure. Return of RB function via adenoviral delivery leads
to decreased chemosensitivity in RB-deficient cells (H1734 and H2172) to varying degrees
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depending on the agent and the cell line. All values represent the average of three independent
experiments and error bars represent one standard deviation. CDDP = cisplatin; VP-16 =
etoposide; 5-FU = 5-fluorouracil.
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