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Abstract

Objective—Overexpression of checkpoint kinase 1 (CHK1) is associated with poorer patient
outcome and therapeutic resistance in multiple tumor models. Inhibition of CHK1 has been
proposed as a strategy to increase the effectiveness of chemotherapeutic agents, especially in p53-
deficient tumors. In this study, we evaluated the effects of a novel CHK1 inhibitor, MK-8776, in
combination with pemetrexed (PMX) on cell proliferation and survival in a panel of p53 mutant
non-small cell lung cancer (NSCLC) cell lines.

Methods—We examined CHK1 expression in 442 resected lung adenocarcinoma specimens
using Affymetrix U133A gene expression arrays. We correlated CHK1 mRNA expression with
patient survival, tumor differentiation and genomic complexity. We evaluated CHK1 levels in
NSCLC cell lines and identified four p53 mutant cell lines with variable CHK1 expression
(H1993, H23, H1437 and H1299) based on publicly available gene expression data. We confirmed
differential CHK1 mRNA and CHKZ1 protein levels by qRT-PCR, ELISA, Western Blot analysis
(WB) and immunohistochemistry. We examined cell line sensitization to PMX in response to
CHK1 inhibition with MK-8776 using WST-1 and clonogenic survival assays.

Results—We found that elevated CHK1 expression in primary lung adenocarcinomas correlates
with poor tumor differentiation and significantly worse patient survival. Tumors with elevated
CHK1 mRNA levels have a higher number of gene mutations and DNA copy number gain or
amplifications. CHKZ1 inhibition by MK-8776 enhances sensitivity of NSCLC cell lines to PMX.
CHK1 mRNA and protein expression are variable among NSCLC cell lines, and cells expressing
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higher levels of CHKZ1 protein are more sensitive to the CHK1 inhibition by MK-8776 as
compared to low CHK1 expressing cells.

Conclusions—These findings suggest that CHK1 levels may not only serve as a biomarker of
poor prognosis in surgically-resected lung adenocarcinomas, but could also be a predictive marker
for CHK1 inhibitor sensitivity, pending in vivo and clinical confirmation.
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1. Introduction

Lung cancer is the number one cause of cancer-related deaths in the United States with over
220,000 new cases each year with an overall 5-year survival of 16% [1]. The best
chemotherapeutic treatments are often limited by dose-related toxicities [2]. Emerging
targeted therapies might be the key in improving survival in lung cancer patients and new
oncogenic pathways with novel targets have been identified [3,4]. EGFR-mutated tumors
and tumors containing ALK fusion genes are examples of identifiable subgroups of
NSCLC’s yet include only small percentages of NSCLC’s [5,6].

The CHKZ1 pathway has been shown to contribute to therapy resistance [7,8] and overall cell
survival by activating DNA damage responses, including G arrest and homologous
recombination repair (HRR) [9]. CHK1 is being evaluated as a novel target for cancer
therapy and there are a number of CHK1 inhibitors in early clinical development [10].
Inhibition of CHK1 increases chemo- and radiation therapy sensitivity in multiple tumor
models, including lung [7-14]. Sensitization by CHKZ1 inhibition appears to be tumor cell
selective and preferential toward p53 mutant tumors. The prevailing model is that tumor
cells with p53 mutations, which do not arrest in G4 in response to DNA damage, will be
selectively sensitized by CHK1 inhibition, and proceed through G, to mitotic death, while
normal cells will be protected from CHK1 inhibition by their other intact checkpoints [15-
17].

We have examined gene expression data from 442 resected lung adenocarcinomas,
previously published by Shedden et al. [18], and found that CHK1 was one of the top genes
that were elevated in patients with the poorest outcomes. CHK1 expression correlated with
tumors’ differentiation state and genomic complexity. We have evaluated the effects of a
novel CHK1 inhibitor, MK-8776 [14,19] in combination with pemetrexed (PMX), a current
clinically prescribed anti-metabolite chemotherapy, on cell proliferation and clonogenic
survival in a panel of p53 mutant NSCLC cell lines. We hypothesized that the level of
CHK21 mRNA or protein expression, and in turn, CHK1 function may influence the response
of NSCLC to PMX treatment by CHK1 inhibition.

Lung Cancer. Author manuscript; available in PMC 2014 June 27.
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2. Materials and methods

2.1. Correlation analysis of genomic data

Affymetrix U133A gene expression array data from 442 lung adenocarcinomas [18] were
normalized using Robust Multi-array Average (RMA) method [20]. Normalized DNA copy
number values of 371 lung adenocarcinomas from SNP250K Styl arrays were used to assess
copy number changes [21]. Somatic mutations of 623 human genes in 180 lung
adenocarcinomas were examined to correlate mutation and CHK1 [22] and gene expression
data from 79 NSCLC lung cell lines was used to identify cell models [23]. Pearson
correlation was used for the correlation analysis of gene expression and gene mutations or
copy number changes. Student’s t-test was used for gene expression in different clinical
variables. Kaplan—Meier survival curve with log-rank test was used for survival analysis.
Lung adenocarcinomas and normal tissues, used as an independent validation set, were
collected with informed consent after approval from University of Michigan Institutional
Review Board and Ethics Committee and stored in —=80 °C until use.

2.2. Cell culture and reagents

H1993, H23, H1437 (adenocarcinomas) and H1299 (large cell carcinoma) cells were
obtained from American Type Culture Collection (Manassas) and grown in RPMI11640
supplemented with 10% FBS. Pemetrexed (Eli Lilly Company) was dissolved in PBS.
MK-8776 (Merck) was dissolved in DMSO.

2.3. Quantitative real time PCR

RNA from cell lines was isolated and purified using RNeasy Mini Kits (Qiagen) according
to manufacturer’s protocol and reverse transcribed using High Capacity cDNA Transcription
Kit (Applied Biosystems). CHK1 transcripts were quantified by quantitative real-time PCR
(QRT-PCR) using Platinum SYBR Green gRT-PCR SuperMix-UDG (Invitrogen) in a Rotor-
Gene 3000 thermocycler (Corbett Life Science). Relative expression levels were normalized
to A-actin expression using 2~22Ct analysis [24]. The gRT-PCR was also used for CHK1
MRNA expression in 101 lung adenocarcinomas and 12 normal tissues, an independent
validation set. The demographics of these patients are provided in Table 1. Primer sequences
were as follows: ACTB (forward): 5-ATGCAGAAGGAGATCACTGC-3’; ACTB (reverse):
5-TCATAGTCCGCCTAGAAGCA-3; CHK1 (forward): 5'-
CGGTGGAGTCATGGCAGTGCCC-3; CHK1 (reverse): 5'-
TCTGGACAGTCTACGGCACGCTTCA-3'.

2.4. CMA construction and immunohistochemistry

Formalin-fixed, paraffin-embedded blocks (FFPE) of 48 cell lines were arrayed into a cell-
line microarray (CMA) using previously described methodology [25]. Immunohistochemical
staining was performed on the DAKO Autostainer (DAKO) using DAKO Envision +
polymerized HRP and diaminobenzadine as the chromogen. Sections of deparaffinized
CMA were microwave-treated for epitope retrieval in 10 mM Tris buffer pH9/1 mM EDTA
and incubated overnight with a CHK1 antibody (clone EP691Y, Abcam). Appropriate
negative (no primary antibody) and positive controls (breast cancer) were stained in parallel.
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The immunoreactivity was scored by a three-tier (negative, low- (1+) and high-positive
(2+)) madification of the normal grading scheme previously described by Wang et al. [26].
In our analysis, negative meant <10% staining (either true negative or a faint blush). Low
was classified as 11-50% staining of the cell population, and high was 51-100%.

2.5. Proliferation analyses

Cell proliferation was measured using cell proliferation reagent WST-1 (Roche Applied
Science) according to the manufacturer’s instructions. Cells were seeded in 96-well flat-
bottomed microplates and incubated for 24 h. At this time point, defined as T h, cells were
treated with MK-8776 (T = 0-24 h) at 500 nM concentration. Spectrophotometric
quantification of cell proliferation was measured at T, and normalized to Ty. Viability of
cells was expressed as the relative percent absorbance of treated versus non-treated cells.
For cell count experiment, cells were plated in 24 well plates at the cell concentration as for
WST-1 assay and treated as described above. At T, cells were trypsinized and counted. Cell
counts were normalized to Ty,

2.6. Chemosensitization

Chemaosensitization was measured using WST-1 reagent. At Ty cells were treated with
graded concentrations of PMX (T = 0-24 h) followed by the CHK1 inhibitor MK-8776 at
500 nM concentration (T = 24-48 h). After exposure to both drugs, cells were washed and
cultured in drug-free medium for 24 h (T = 48-72 h). Data was analyzed using Microsoft
Excel 2010 and GraphPad Prism version 5.01 software. Chemosensitization was confirmed
by clonogenic survival assay as previously described [9,27], with slight modifications.

2.7. Small interfering RNA

Cells were transfected with SMARTpool CHK1 or non-target (NT) control pool siRNAs
(Dharmacon) using Lipofectamine RNAIMAX transfection reagent (Invitrogen) according
to the manufacturer’s protocol. For sensitization assays, cells were treated with 10 nmol/L
SiIRNA (CHKZ1 or NT) and Lipofectamine in the presence of 10% FBS for 24 h and exposed
to graded concentrations of PMX for an additional 24 h. Following treatment, cells were
cultured in drug-free medium (T = 24 h). Chemosensitization was measured using WST-1
reagent. Cells that received combination treatment of MK-8776 and CHK1 siRNA were
cultured with MK-8776 at 750 nM concentration (T = 24 h) following treatment with PMX.

2.8. Immunoblotting and CHK1 ELISA

Cell pellets were lysed and immunoblotted as previously described [28]. Proteins were
detected with pS345 CHK1, pS296 CHK1 (Cell Signaling), CHK1 (Abcam), CDC25A
(Santa Cruz Biotechnology), and GAPDH (Millipore). PathScan CHK1 Sandwich ELISA
kit (Cell Signaling) was used according to manufacturer’s protocol.
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3. Results

3.1. CHK1 mRNA expression correlates with patient survival, tumor differentiation and
genomic complexity in lung cancer

Analysis of gene expression of 442 lung adenocarcinomas [18] revealed that CHK1 is one of
the panel of variably-expressed genes significantly associated with poor survival. Patients
with high CHK1 mRNA expressing tumors demonstrated an overall poorer 5 year survival
by log-rank test (hazard ratio (HR) 2.13; 95% confidence interval (CI) 1.6-2.8; p < 0.001)
(Fig. 1A) and univariate Cox model (HR 2.18, 95% CI 1.69-2.81, p < 0.001). A multivariate
Cox model adjusted with age, gender and stage indicated that CHK1 mRNA is
independently related to survival (HR 2.39; 95% CI 1.8-3.1; p < 0.001). These results were
verified with an independent cohort of 101 lung adenocarcinomas using qRT-PCR method,
showing a similar difference in 5 year survival by log-rank test (HR 2.06, 95% CI 1.13-
3.76, p = 0.02) (Fig. 1B). Further analysis of the gene expression dataset of 442 lung
adenocarcinomas revealed that CHK1 mRNA expression was significantly higher in poorly
differentiated compared to well differentiated tumors, p = 0.0001 (Fig. 1C). These results
were also verified with an independent cohort of 101 lung adenocarcinomas, showing a
similar correlation between level of differentiation and CHK1 mRNA expression, p = 0.0003
(Fig. 1D).

To determine the potential basis for variable CHK1 expression between different primary
lung tumors, we evaluated CHK1 mRNA expression and gene mutations in 54 lung
adenocarcinomas [18,22]. Tumors were divided into three groups based on their CHK1
mMRNA expression as either low <50 (n = 7), medium 50-100 (n = 22) or high >100 (n =
25). Tumors with high CHK1 mRNA expression contain a higher number of gene mutations,
p < 0.001 (Fig. 1E). We then evaluated a second cohort of 93 lung adenocarcinomas, again
dividing them into three groups based on CHK1 mRNA expression, low (n = 8), medium (n
= 35) and high (n=50), and examined for copy number change as determined by SNP
arrays [21]. Higher CHK1 mRNA expression correlated with a higher number of DNA copy
number gain or amplifications, p < 0.001 (Fig. 1F). CHK1 mRNA did not correlate with the
number of DNA deletions or loss of heterozygosity (LOH) events (Fig. 1G). These results
suggest that increasing CHK1 expression may be a survival mechanism in tumors for coping
with genetic gains/amplifications or mutations and is associated with a less differentiated
phenotype.

Using the same 54 lung adenocarcinomas, we correlated CHK1 levels to specific gene
mutations and found that CHK1 mRNA is higher in p53 mutated tumor as compared to wild
type p53 tumors (p = 0.01) (Fig. S1). CHK1 mRNA levels were not different between EGFR
or KRAS mutated samples and wild type samples (p > 0.05) (Fig. S1, EGFR box plot not
shown). From Shedden’s 442 lung adenocarcinomas [18], CHK1 mRNA is higher in stage 3
tumors (vs stage 1, t-test, p = 0.002), and also higher in current smokers (vs never smoking,
t-test, p = 0.001) (Fig. S2).

Supplementary material related to this article can be found, in the online version, at http://
dx.doi.org/10.1016/j.lungcan.2013.09.010.
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3.2. NSCLC cell lines have variable CHK1 mRNA and protein expression

To examine whether the level of CHK1 is associated with response to CHK1 inhibition, we
identified four p53 mutant cell lines with variable levels of CHK1 expression based on
publically-available gene expression data [23] (Fig. 2A). We confirmed CHK1 mRNA
expression by gRT-PCR and correlated to CHK1 protein expression by Western Blot (WB),
ELISA, and immunohistochemistry. QRT-PCR revealed slight differences in CHK1 mRNA
expression when compared to the gene array data (Fig. 2B), with H1437 demonstrating high
expression of CHK1 (relative to p-actin). Western Blot (Fig. 2C) and ELISA (Fig. 2D)
confirmed CHKZ1 expression differences, with high levels of protein seen in H1299 and
H1437 cells, intermediate levels in H23 cells, and the lowest in H1993 cells. IHC performed
on a CMA confirmed the relative CHK1 expression seen by qRT-PCR with representative
samples from H1299 and H1993 showing high and low expression, respectively of nuclear
localized CHK1 protein (Fig. 2E).

3.3. CHK1 inhibition preferentially sensitizes cells expressing higher levels of CHK1

To ascertain the effects of CHKL1 inhibition on PMX sensitivity in high versus low CHK1
expressing cells, we assessed the effects of MK-8776 alone on cell viability and
proliferation. We found that MK-8876 treatment had no effect on either high or low CHK1
expressing cell lines (data not shown). To determine whether CHKZ1 inhibition by MK-8776
differentially sensitized to PMX in high versus low CHK1 expressing cells, we treated H23,
H1437, H1299 and H1993 cells with graded concentrations of PMX (T = 0-24 h) followed
by 24 h treatment with MK-8776 (Fig. 3A). At as low as 0.3 uM of PMX, there was a
statistically significant reduction in proliferation in the high expressing CHK1 cells H23 (p =
0.0012), H1437 (p = 0.0006) and H1299 (p = 0.0006), but not in the low CHK1 expressing
H1993 cells (p = 0.26). We then evaluated the effects of MK-8776 on PMX sensitivity using
clonogenic assays. It confirmed that MK-8776 sensitized high CHK1 expressing cells to
PMX as evidenced by a decrease in the surviving fraction (5-fold change in H23, 3.4-fold in
H1437, and 8-fold in H1299 as based on ICsgp; data not shown), but did not sensitize H1993
(Fig. 3B).

We then evaluated the effect of PMX/MK-8776 treatment on the levels of phosphorylated
CHK1 (the S296, autophosphorylation site, and the S345 ATR/ATM-mediated
phosphorylation site), as well as CDC25A, which is degraded in response to CHK1
activation and contributes to G,-checkpoint activation in response to DNA damage (Fig.
4A). Consistent with CHK1 inhibition by MK-8776, autophosphorylation at S296 was
modestly decreased by MK-8776 both in the presence and absence of PMX in both cell
lines. The loss of CDC25A protein in response to PMX was blocked by MK-8776 and is
consistent with CHKZ1 inhibition resulting in CDC25A protein stabilization. ATR/ATM-
mediated phosphorylation of CHK1 at S345, as anticipated, was increased in response to
PMX or MK-8776 single agent treatments and is likely a reflection of DNA damage [29].
The combination of PMX and MK-8776 further increased S345 CHK1 phosphorylation and
the magnitude of this effect was the greatest in H1299 cells.

To confirm that MK-8776 sensitized cells by selective inhibition of CHK1, we treated
H1993 and H1299 cells with CHK1 siRNA and found an almost complete elimination of

Lung Cancer. Author manuscript; available in PMC 2014 June 27.
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CHK1 protein at 24 and 48 h (Fig. 4B) post-transfection, with no changes observed in the
controls. We then tested the ability of CHK1 siRNA and CHK1 siRNA plus MK-8776 to
sensitize to PMX (Fig. 4C). Both treatments produced similar sensitization to PMX,
confirming that MK-8776-mediated sensitization is through CHK1 inhibition. The extent of
the sensitization to PMX was more pronounced in H1299 cells as compared to H1993,
which is consistent with sensitization by MK-8776 alone (Fig. 3A). These results
demonstrate that MK-8776 similarly inhibits CHK1 in high versus low CHK1 expressing
cells but results in a greater sensitization to PMX in high CHK1 expressing cells.

4. Discussion

In this study, we have shown that CHK1 inhibition by MK-8776 enhances sensitivity of
NSCLC cell lines to PMX. CHK1 mRNA and protein expression are variable among
NSCLC cell lines, and cells expressing higher levels of CHK1 protein are more sensitive to
the CHKZ1 inhibition as compared to low CHK1 expressing cells. We have also found that
higher CHK1 expression in primary lung adenocarcinomas correlates with poor tumor
differentiation, higher stage, smoking status, and worse survival. Furthermore, elevated
CHK1 expression correlates with increased number of genomic alterations, specifically
amplifications or gene mutations.

DNA damage is central to many chemotherapy regimens in lung cancer treatment. The
normal cell cycle requires functional p53 to stop cell cycling at the G4-checkpoint. CHK1
regulates the S-phase and G, checkpoints, preventing cells from entering mitosis. When
p53-mutant cancer cells undergo genomic damage in combination with CHK1 inhibition,
they lose both checkpoints and progress through the cell cycle with unrepaired DNA damage
resulting in preferential killing [16]. CHK1 appears to play a central role in chemotherapy
resistance of lung cancers by this mechanism [30]. Inhibiting CHK1 function may increase
the effectiveness, and lower the required doses of commonly used lung cancer chemotherapy
agents.

The correlation of CHK1 overexpression with decreased survival that we have seen has been
also seen in other cancers. In patients with liver cancer, both recurrence-free survival and
overall survival were significantly diminished in tumors with CHK1 over-expression [31].
Inhibition of CHK1 in mice bearing p53-deficient triple-negative, poorly-differentiated
breast cancer reduced tumor growth, prolonged host survival, and this effect was not seen in
more differentiated p53 wild type tumors [32]. CHKZ1 function is critical for tumor cells with
complex genomes to maintain survival [33], because cells with the most complex genetic
alterations may require more stringent checkpoints for DNA repair. In our tumor cohort, the
subgroup of lung adenocarcinomas with increased number of gene mutations, amplifications
or gains demonstrated the highest level of CHK1 expression. Interestingly, CHK1 mRNA
did not correlate with LOH or gene deletions. CHK1 levels may reflect an essential role of
CHK1 in responding to this type of genomic complexity although this area requires further
study [34,35].

When we analyzed CHK1 signaling, we found that in response to DNA damage from PMX,
there was an increase in phosphorylation of the S345 site, which was more pronounced with

Lung Cancer. Author manuscript; available in PMC 2014 June 27.
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CHK1 inhibition. Consistent with CHK1 inhibition, autophosphorylation at S296 was
modestly reduced by MK-8776, both in the presence and absence of PMX, indicating
inhibition of CHK1 kinase activity. Our results are consistent with previous studies [29],
which have suggested that pS345 CHK1 is a marker of DNA damage in response to CHK1
inhibition, while pS296 CHK1 is a marker of CHK1 catalytic activity. Active CHK1 inhibits
CDC25 phosphatases, ultimately resulting in cell cycle arrest and cell survival [33]. The
reduction of CDC25 in response to PMX was blocked by MK-8776 leading to CDC25
stabilization, which is consistent with CHK1 inhibition. Both the low and high-expressing
CHK1 NSCLC cell lines exhibited a similar pattern of CDC25A response, suggesting
equivalent inhibition of CHK1 although sensitization by CHK1 inhibition was greater in the
high CHK1 expressing cell lines.

Our data implies that total CHKZ1 levels, based upon protein expression, may serve as a
useful biomarker for CHK1 inhibitor sensitivity for lung cancers. Additionally, 60-70% of
NSCLC tumors are p53 mutant and p53 sequencing is commonplace in the current clinical
treatment of NSCLC. The future testing of NSCLC tumors with p53 sequencing combined
with CHK1 expression could allow for characterization of those tumors with poor clinical
outcomes and potentially modify current chemotherapy regimens. Further studies to validate
total CHK1 as a potential biomarker in NSCLC primary tumors and clinical biopsies are
needed in addition to in vivo studies to verify the efficacy of CHK1 inhibitors as sensitizers
and also the reliability of CHK1 as a biomarker.
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Relationship of CHK1 mRNA expression with patient survival, tumor differentiation and
genomic complexity. (A) Analysis of gene expression of 442 lung adenocarcinomas using
Kaplan—Meier survival curve shows that patients with high CHK1 mRNA expressing tumors
demonstrate an overall poorer 5 year survival, comparing the higher 1/3 patients vs lower
2/3 patients based on CHK1 mRNA levels (log-rank test, p < 0.001). (B) This was verified
in an independent cohort of patients with 101 lung adenocarcinomas with CHK1 mRNA
verified by RT-PCR (p = 0.02). (C) Tumors with higher CHK1 mRNA expression are more
likely to display a poorly-differentiated phenotype as compared to low CHK1 expressing
tumors (p < 0.0001) in 442 lung adenocarcinomas. (D) This was verified in the same
independent cohort of patients with 101 lung adenocarcinomas (p = 0.0003). CHK1 mRNA
expression in lung adenocarcinomas also correlates with an increased number of genomic
alterations, specifically gene mutations or amplifications. Tumors were classified into high,
medium and low groups based on CHK1 mRNA expression (CHK1 mRNA >100, 100-50,
and <50 as cutoff for these 3 groups). (E) Higher CHK1 mRNA expression correlated with
an increased number of gene mutations in 54 lung adenocarcinomas (Pearson correlation, r
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=0.993, p < 0.001, the mean mutation £SD are 7.28 £10.4, 4.23 £3.7 and 1.14 +0.99 for
high, medium and low groups, respectively). (F) In a separate data-set of 93 lung
adenocarcinomas, higher CHK1 mRNA correlated with DNA amplification/gain (Pearson
correlation, r =0.99, p < 0.001, mean amp/gain £SD are 3.73 £3.2, 2.29 £2.1, and 1.0 +0.76
for high, medium and low groups, respectively). (G) CHK1 mRNA levels do not correlate
with gene deletions or LOH for the same 93 tumors.
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Fig. 2.
(A) Gene expression analysis for CHK1 mRNA levels in representative sample of 15

cultured lung cancer cell lines and in nontransformed lung cells (NLC). Based on these
results, we selected two apparent under-expressing cell lines, H1993 and H1437, and two
over-expressing cell lines, H23 and H1299, for further analysis. (B) Relative expression of
CHK1 to factin by gRT-PCR in selected NSCLC cell lines. Data shown is the aggregate of
three independent assays, and suggests that H1437 is actually a CHK1 over-expressing cell
line. CHKZ1 protein levels in selected NSCLC cell lines by Western Blot (C) and by ELISA
(D) confirming the three higher CHK1 expressing cell lines (H23, H1437, and H1299) and
the one lower expressing line (H1993). (E) CHK1 expression by immunohistochemistry in
two representative cell lines (H1993 and H1299) showing increased nuclear CHK1 protein
expression (brown stain) in the H1299 cells compared to the H1993 cells. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of
this article.)
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Fig. 3.
(A) Chemosensitization to PMX by the CHK1 inhibitor, MK-8776, as measured by WST-1

assay. Cells were treated with graded concentrations of PMX for 24 h (To—To4 h) followed
by 24 h treatment with MK-8776 at 500 nM (T4—Tsg h). CHK1 inhibition preferentially
sensitized cells expressing higher levels of CHK1 (H23, H1437 and H1299) as compared to
low CHK1-expressing cells (H1993). At as low as 0.3 pM PMX concentration there was
significant reduction in percent of proliferating cells in H23 (p = 0.0012), H1437 (p =
0.0006) and H1299 (p = 0.0006). No significant change in H1993 cells (p = 0.26). Each
experiment was performed using 3 replicates for each drug concentration. All experiments
were repeated a minimum of 3 times. (B) Chemosensitization by clonogenic survival assay
shown in log scale. Low CHK1-expressing H1993 cells are not sensitized to PMX in
combination with MK-8776, whereas over-expressing cell lines are sensitized.

Lung Cancer. Author manuscript; available in PMC 2014 June 27.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Grabauskiene et al.

Page 15

A - 4+ + = — + 4+ — Pem B.
§345 Chk1 - DED — SIRNA
RO = = Se=2 E 8 E 5 E QOB
CDC25 s T —— ) Oz= 0Oz= Oz= Oz:=
Total Chk1 - - - o= oo o9
Total Chk1 — A ----
GAPDH = o < e S5 D W 0D BActin S P —
24h 48h 24h 48h
H1993 H1299 H1993 H1299
125 H1993  -o- NT siRNA 125 H1299 -@- NTsiRNA
. 908 Chk1 siRNA _ 100 ~ Chk1 siRNA
5 = Chk1siRNA+MK8776 S ®---._ 5. = Chk1 siRNA+MK8776
g 75 = g 75
- L
3 50 3 50
S 25 S 25
0 — - o4 - . . .
001 01 1 10 100 001 01 1 10 100
Pemetrexed, M Pemetrexed, uM
Fig. 4.

(A) Western Blot analyses of the MK-8776 plus PMX in low and high-expressing CHK1
cell lines. The higher CHKZ1 expressing line, H1299, displays a greater response in S345
autophosphorylation with combination treatment. Also of note, H1299 appears to have a
higher baseline CDC25A expression which is reduced with PMX treatment alone. The
addition of a CHK1 inhibitor increases CDC25A expression indicating mitotic entry. (B)
Western Blot analysis of CHK1 siRNA treatment showing knockout of CHKZ1 protein
expression at 24 and 48 h. In addition, cells were treated with non-target sSiRNAs (NT) and
Lipofectamine RNAIMAX transfection reagent (Mock). (C) Effect of CHK1 siRNA on
proliferation in H1993 and H1299 cell lines. H1299 cells show a greater reduction in
proliferation than H1993 cells when treated with CHK1 siRNA vs NT siRNA. The
combination of CHK1 siRNA and MK-8776 at 750 nM had no effect compared to sSiRNA
use alone.

Lung Cancer. Author manuscript; available in PMC 2014 June 27.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Grabauskiene et al.

Table 1

Clinical characteristics of 101 lung adenocarcinomas in the validation set.

Variable

Number

Age average (years)
Gender

Female

Male

Stage

Stage |

Stage |1

Stage 11
Differentiation
Well

Moderate

Poor

Deceased (at 5 years)
Alive

Median survival (months)

67.0+9.6

53 (52.5%)
48 (47.5%)

59 (58.4%)
16 (15.8%)
26 (25.7%)

28 (27.7%)
38 (37.6%)
34 (33.7%)
44 (43.6%)
57 (56.9%)
28.8

Lung Cancer. Author manuscript; available in PMC 2014 June 27.

Page 16



