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Relationship between GNAS gene expression and PFS

Of the 107 independent samples, RNA from 62 was available for
real-time RT-PCR analysis. There are no significant associations
between GNAS expression and clinical factors such as age, histological
grade, and operation status. GNAS expression correlates significantly
with PFS of aEOC (p = 0.03) (Fig. 2B).

Discussion

The platinum/taxane regimen has improved the prognosis of EOC;
however, this remains poor. For this reason, it is very important to find
new prognostic markers for EOC receiving standard therapy, so that
future clinical trials can be focused on patients with a poor prognosis.
In this study, we used oligonucleotide microarrays to identify new
prognostic biomarkers for aEOC excluding clear cell or mucinous
types receiving standard therapy. In the past decade, several studies
have analyzed ct | imbalances using comparative genomic
hybridization (CGH) in EOC [10,17-20]. Arnold et al. investigated 47
malignant ovarian tumors and 2 ovarian tumors of low malignant
potential using CGH and demonstrated that common genetic changes
include DNA gains of chromosome arms 8q24 (51%) and 20q13.2-qter
(40%) [10]. Iwabuchi et al. presented CGH data from 31 ovarian
carcinomas and reported that increased copy numbers were most
commonly observed in their cases at 3q26 (42%), 8q24 (35%), and
12q11.1-12 (25%) [17], while Sonoda et al. demonstrated that the
most frequent sites of copy number increase were 8q24.1 (56%) and
20q13.2-qter (48%) in tumor DNA from 25 malignant ovarian
carcinomas and 2 tumors of low malignant potential [18]. Tanner et
al. focused on 20q12-q13 amplification in 24 sporadic, 3 familial and 4
hereditary ovarian carcinomas, and 8 ovarian cancer cell lines [19].
They demonstrated high-level amplification of at least one of the five
non-syntenic regions at 20q12-q13.2 in 13 sporadic (54%) and in all
four hereditary tumors [19]. Hu et al. focused on ovarian serous
carcinomas and demonstrated DNA copy number gain at 8q22q24 and
20q12q13 in 60% and 45% of samples, respectively [20] In our study,
amplification rates of GNAS at 20q13 is 30%, respectively.

Furthermore, Tanner et al. showed a tendency toward correlation
between amplification and poor survival (not significant) and Hu et al.
reported that 20q12q13 amplification may indicate a high risk for
recurrence of serous ovarian cancer [19,20]. These reports included
various histologic types and stages and even cell lines as well as
primary and recurrent cases. Furthermore, they provide no informa-
tion on therapy or operation status, include small number of patients,

We selected GNAS gene based on the p value and fold change in array
data and examined the amplification status of GNAS as prognostic
marker of aEOC. GNAS gene amplification was an independent
prognostic factor. The GNAS locus encodes the G (alpha) protein,
which stimulates the formation of cyclic AMP (cAMP). The cAMP
pathway mediates pleiotropic effects including regulation of apoptosis
and proliferation [21-23] and different genotypes of the single
nucleotide polymorphism (ANP) T393C in the GNAS gene predict the
clinical outcome of urothelial carcinoma, sporadic colorectal cancer,
renal cell carcinoma, and chronic lymphocytic leukemia [24-27].
However, the role of GNAS in EOC remains unclear.

In conclusion, we identified amplification of GNAS on 20q13 as
markers of prognosis in patients with aEOC treated with standard
therapy. Our finding identifies qualitative and reproducible biomarker
to predict the PFS of aEOC.
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Abstract

Purpose: The epidermal growth factor receptor (EGFR) mutation status has emerged as a validated bio-
marker for predicting the response to treatment with EGFR-tyrosine kinase inhibitors (EGFR-TKI) in pa-
tients with non-small cell lung cancer. However, the responses to EGFR-TKIs vary even among patients
with EGFR mutations. We studied several other independently active biomarkers for EGFR-TKI treatment.

Experimental Design: We retrospectively analyzed the serum concentrations of 13 molecules in a
cohort of 95 patients with non-small cell lung adenocarcinoma who received EGFR-TKI treatment at
three centers. The pretreatment serum concentrations of amphiregulin, B-cellulin, EGF, EGFR, epiregu-
lin, fibroblast growth factor-basic, heparin-binding EGF-like growth factor, hepatocyte growth factor
(HGF), platelet-derived growth factor p polypeptide, placental growth factor, tenascin C, transforming
growth factor-a, and vascular endothelial growth factor (VEGF) were d using enzyme-linked
immunosorbent assay and a multiplex immunoassay system. The associations between clinical out-
comes and these molecules were evaluated.

Results: The concentrations of HGF and VEGF were significantly higher among patients with progres-
sive disease than among those without progressive disease (P < 0.0001). HGF and VEGF were strongly
associated with progression-free survival (PFS) and overall survival (OS) in a univariate Cox analysis (all
tests for hazard ratio showed P < 0.0001). A stratified multivariate Cox model according to EGFR muta-
tion status (mutant, n = 20; wild-type, n = 23; unknown, n = 52) showed that higher HGF levels were
significantly associated with a shorter PFS and OS (P < 0.0001 for both PFS and OS). These observations
were also consistent in the subset analyses.

Conclusions: Serum HGF was strongly related to the outcome of EGFR-TKI treatment. Our results sug-
gest that the serum HGF level could be used to refine the selection of patients expected to respond to
EGFR-TKI treatment, warranting further prospective study. Clin Cancer Res; 16(18); 4616-24. ©2010 AACR.

Selective epidermal growth factor receptor tyrosine ki-
nase inhibitors (EGFR-TKI) block signal transduction
pathways implicated in the proliferation and survival
of cancer cells (1-3), and show clinical activity against
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non-small cell lung carcinoma (NSCLC, refs. 4-6). To
date, four populations are known to have a better
response to EGFR-TKIs: females, never-smokers, adeno-
carcinoma histology, and patients of East Asian ethnicity
(4-6). Active EGFR mutation apparently confers a
hyperresponsiveness to gefitinib among NSCLC patients
(7, 8). Such mutations affect the ATP-binding cleft
of EGFR, and EGFR mutants exhibit constitutive tyrosine
kinase activity. Most reported EGFR mutations are either
point mutations in exons 18 (G719A/C) and 21 (L858R
and L861Q) or in-frame deletions in exon 19 that
eliminate five amino acids (ELREA) located at position
745 (9).

A large-scale randomized study, the IRESSA Pan-Asia
study (IPASS), comparing gefitinib monotherapy with
carboplatin/paclitaxel for 1,217 previously untreated
patients with lung adenocarcinoma, was recently completed,
and the results showed that the progression-free survival
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Serum HGF and EGFR-TKIs

Translational Relevance

A high pretreatment serum HGF concentration was
strongly associated with poor treatment outcomes, in-
cluding tumor response, progression-free survival, and
overall survival, in patients with non-small cell lung
adenocarcinoma treated with epidermal growth factor
receptor tyrosine kinase inhibitors (EGFR-TKI). Com-
bined with the EFGR mutation status, measurement
of the serum HGF level might further refine the selec-
tion of patients likely to respond to EGFR-TKI treat-
ment, especially in the wild-type EGFR subgroup,
thereby increasing the clinical benefit of EGFR-TKI
treatment.

(PFS) curves of the two arms crossed each other. A subset
analysis of the 437 patients whose EGFR mutation sta-
tus was known revealed that the presence of an EGFR
mutation in the tumor was a strong predictor of a better
outcome after gefitinib treatment (10). Two recent
phase 111 trials targeting adenocarcinoma patients with
EGFR mutations showed that the gefitinib group had
a significantly longer PFS than the platinum-doublet
therapy group (11, 12). These data indicated EGFR mu-
tation status as a powerful predictor of the tumor re-
sponse to EGFR-TKIs.

Even among patients with EGFR mutations, however,
not all patients respond to EGFR-TKI treatment in like
manner; the objective response to EGFR-TKI treatment
has remained at 62% to 75% (11-13). In addition, no
effective biomarker is currently available for patients with
wild-type EGFR tumors (14). These facts motivated us to
investigate molecular biomarkers that can be utilized inde-
pendently of EGFR status to predict the efficacy of EGFR-
TKIs. Identifying such a marker would contribute to the
further individualization of treatment for NSCLC. In this
report, we retrospectively studied the serum concentra-
tions of several molecules in patients with non-small cell
lung adenocarcinoma who underwent treatment with
EGFR-TKIs.

Materials and Methods

Patients

A total of 104 patients with histologically confirmed
non-small cell lung adenocarcinoma who had been trea-
ted with EGFR-TKIs at three centers (Kanazawa University,
Japan; Cancer Institute Hospital, Japan; and Tokyo Medical
University, Japan) between 2002 and 2009 were included
in this study. Six patients were excluded because their
tumor response was not evaluated. A complete clinical
data set was not available for three additional patients.
Thus, 95 patients were included in the final analysis
(Fig. 1A). The tumor response was evaluated every 2 to 3
months using computerized tomography according to the

Response Evaluation Criteria in Solid Tumors; the response
was then classified as a complete response (CR), a partial
response (PR), stable disease (SD), or progressive disease
(PD). Clinicopathologic features including age, gender,
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS), tumor-node-metastasis stage, smoking
status, and EGFR mutation status were recorded. Direct
sequencing of a tumor sample was done to detect active
EGFR mutations in 43 patients; 20 of these samples were
found to harbor an EGFR mutation (exon 19, n = 14; exon
21, n = 6), whereas the remaining 23 samples exhibited
wild-type EGFR. The mutation status of the other 52
patients was not evaluated. The present study was ap-
proved by the institutional review boards of all the centers.

Preparation of serum

Blood samples were collected before the initiation of
EGFR-TKI treatment. Separated serum was stocked at
-80°C until use.

Serum HGF levels

Serum HGF concentrations were determined using a
Human HGF Quantikine ELISA Kit (R&D Systems) accord-
ing to the manufacturer's instructions. A 50-pL aliquot of
serum per well was examined in duplicate, and the average
was used for subsequent analysis. The absorbance of the
samples at 450 nm was measured using VERSAmax (Japan
Molecular Devices).

Antibody suspension bead array system

Antibody suspension bead arrays for determining the se-
rum concentrations of 12 molecules were obtained commer-
cially (WideScreen Human Cancer Panel 2, Merck). The
markers used in this panel were as follows: amphiregulin,
pB-cellulin, epidermal growth factor (EGF), EGFR, epiregulin,
fibroblast growth factor-basic (FGF-basic), heparin-binding
EGF-like growth factor (HB-EGF), platelet-derived growth
factor p polypeptide (PDGF-BB), placental growth factor
(PIGF), tenascin C (TnC), transforming growth factor a
(TGF-a), and vascular endothelial growth factor (VEGF).
Data were obtained using a Bio-Plex suspension array system
(Bio-Rad Laboratories). The assay was done according to the
manufacturer's instructions and a previously described
method (15). Serum samples were diluted 1:4 with the ap-
propriate diluents prior to assay. The samples were tested in
duplicate, and the averages were used for analysis.

Statistical analysis

The primary objective was to investigate novel markers
correlated with efficacy independently of EGFR-status. If
a molecule was very strongly associated with survival after
adjustments for the EGFR status and important prognostic
factors, then that molecule was deemed as warranting
further prospective study to determine whether it is a
predictive factor, a prognostic factor, or both.

The distributions of the clinical factors and molecules
were compared between patients with PD and those with-
out PD using the Wilcoxon test. In terms of the analysis
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Fig. 1. A, flow diagram of analyzed patients. B to D, box-whisker plots of serum concentrations of HGF (pg/mL) and VEGF (pg/mL) in patients with
progressive disease (PD) and those without progressive disease (PR+SD). The plots are drawn for all patients (top; n = 95), those with a known EGFR status

(middle; n = 43), and those with wild-type EGFR (bottom; n = 23).

for survival time [PFS and overall survival (OS)], clinical
factors including age, gender, ECOG PS, clinical stage,
and smoking status were examined using the Cox propor-
tional hazards model. After selecting the important clinical
variables, we considered these variables fixedly in a Cox
proportional hazards model and then determined which,
if any, of the molecules was associated with survival using
the backward selection method; thus, any molecules
remaining in the final model were significant in a manner
that was independent of the important clinical variables
at a two-sided level of 0.05 using the Wald test. Log-
transformed values were used for the molecules in the
Cox models. The proportional hazards assumption was as-
sessed graphically, and an individual time-dependent
component was included for each covariate. In the
multivariate Cox models, EGFR status (wild-type/
mutant/unknown) was treated as a stratified variable.
We applied the above analyses to all the cases, to the cases
in which the EGFR status was evaluated, and to the cases
with wild-type EGFR to check the robustness of the con-
clusions. The survival curves for PFS and OS were estimat-
ed using the Kaplan-Meier method. The Kaplan-Meier
curves were shown just to visualize the trends of the

association between the molecules and PFS/OS, as any
determination of the optimal cutoff point for the mole-
cules relative to the PFS/OS was beyond the scope of the
present study. All the statistical analyses were done using
SAS for Windows (ver. 9.1.3) and Medcalc for Windows
(ver. 11.1.1).

Results

Patient results

Of the 95 patients evaluated in this study, all the pa-
tients were of Asian ethnicity and had been treated with
an EGFR-TKIs (gefitinib, n = 91; erlotinib, n = 4). Seventy-
five (79%) and eight (8%) patients had received prior
chemotherapy and radiotherapy, respectively. After
the start of EGFR-TKI treatment, a PR was observed
in 37 (39%) patients, SD in 25 (26%) patients, and
PD in 33 (35%) patients; none of the patients exhib-
ited a CR. The median follow-up period was 29 months.
The patient characteristics are shown in Table 1. Re-
garding tumor response, male gender (P = 0.0002), a
PS of 2 to 4 (P = 0.0498), a positive smoking history
(P =0.0010), and a wild-type EGFR status (P < 0.0001)
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Table 1. Patient characteristics and response to EGFR-TKIs
Total (n = 95) Response to EGFR-TKIs
PR+SD (n = 62) PD (n =33) P
Age ()
Median 64 64 65 0.58
Range 20-89 35-89 29-79
Gender
Male 53 26 (42%) 27 (82%) 0.0002
Female 42 36 (58%) 6 (18%)
Histology
Adenocarcinoma 95 62 (100%) 33 (100%) -
Other 0 0(0%) 0 (0%)
PS
0-1 70 50 (81%) 20 (61%) 0.0498
2-4 25 12 (19%) 13 (39%)
Stage
1] 1 7 (11%) 4 (12%) 1.00
1\ 84 55 (89%) 29 (88%)
Smoking
Yes 56 29 (47%) 27 (82%) 0.0010
No 39 33 (53%) 6 (18%)
EGFR status
Wild-type 23 9 (15%) 14 (42%) <0.0001*
Mutant 20 20 (32%) 0(0%)
Unknown 52 33 (53%) 19 (58%)
*Comparison between wild-type and mutant. P values are calculated using the t-test for age and Fisher's exact test for other variables.

were significantly less sensitive to EGFR-TKI treatment
(Table 1). These results are consistent with those of a
previous report (16).

Serum concentrations of 13 molecules
We measured the serum concentrations of 13 mole-
cules: amphiregulin, B-cellulin, EGF, EGFR, epiregulin,

FGF-basic, HB-EGF, HGF, PDGF-BB, PIGF, TnC, TGF-a,
and VEGF. Among them, many samples (>80%) showed
a value that could not be measured or that was below
the dard range for i lin, B-cellulin, epiregu-
lin, FGF-basic, and TGF-«; these molecules were omitted
from subsequent analyses. Therefore, only the correlations
between clinical outcome and the serum concentrations of

Table 2. Distributions of serum concentrations according to response status to EGFR-TKIls

All cases (n = 95)

EGFR status known (n = 43)

EGFR wild-type (n = 23)

Median P Median P Median P
PR+SD PD PR+SD PD PR+SD PD

EGF 199.1 252.0 0.0334 235.2 268.7 0.23 252.8 268.7 0.87
EGFR 2,100.8 2,092.0 0.58 2,096.0 2,030.6 0.89 2,083.6 2,030.6 0.97
HB-EGF 746 1148 0.0066 79.0 129.9 0.0277 7.8 129.9 0.14
HGF 1,150.8 1,580.0 <0.0001 1,136.5 1,810.9 0.0002 1,116.4 1,810.9 0.0009
PDGF-BB  15,574.3 14,388.8 0.53 14,228.0 19,031.5 0.12 13,385.2 19,031.5 0.11
PIGF 3.8 7.0 0.25 9.0 11.4 0.39 25 11.4 0.58
TnC 643.2 979.0 0.0278 557.0 1,211.6 0.0233 614.5 12116 0.07
VEGF 808.8 1,787.0 <0.0001 800.5 2023.0 0.0006 984.5 2023.0 0.0107

NOTE: Median values of eight serum concentrations are tabulated according to the response status. The Wilcoxon test was used to
assess the difference in the median values between PR+SD and PD.
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Table 3. Univariate analysis of clinical molecular factors for progression-free and overall survival

All cases (n = 95)

Progression-free survival

Overall survival

HR (95% Cl) P HR (95% CI) P
Age 65< vs. <65 y 0.93 (0.60-1.43) 0.74 1.22 (0.76-1.96) 0.42
Gender Male vs. Female 1.85 (1.19-2.88) 0.0061 2.36 (1.43-3.88) 0.0007
PS 2-4vs. 0-1 1.66 (1.04-2.67) 0.0356 2,55 (1.53-4.25) 0.0003
Stage IV vs. il 0.66 (0.34-1.25) 0.20 1.27 (0.61-2.67) 0.53
Smoking Yes vs. No 1.65 (1.06-2.58) 0.0270 2.19 (1.33-3.62) 0.0022
EGF 1.17 (0.90-1.51) 0.24 1.15 (0.86-1.53) 0.34
EGFR 1.37 (0.68-2.79) 0.38 1.37 (0.62-3.05) 0.44
HB-EGF 1.49 (1.09-2.03) 0.0116 1.55 (1.10-2.18) 0.0124
HGF 10.24 (5.48-19.2) <0.0001 557 (3.28-9.46) <0.0001
PDGF-BB 1.1 (0.80-1.54) 053 1.16 (0.82-1.65) 0.39
PIGF 1.10 (0.87-1.38) 0.44 1.29 (1.01-1.66) 0.04
™e 1.74 (1.30-2.34) 0.0002 2.19 (1.56-3.06) <0.0001
VEGF 3.54 (2.33-5.38) <0.0001 3,52 (2.25-5.50) <0.0001

(Continued on the following page)

EGF, EGFR, HB-EGF, HGF, PDGF-BB, PIGF, TnC, and
VEGF were analyzed.
Tumor r and serum conc i

The serum concentrations of EGF, HB-EGF, HGF, TnC,
and VEGF were significantly higher among patients with
PD than among those without PD (Table 2). Among these
molecules, HGF and VEGF exhibited marked differences
in tumor response. These results were unchanged when
subsets of patients with a known EGFR status (n = 43)
as well as patients with wild-type EGFR (n = 23) were
analyzed (Fig. 1B-D). These observations suggested that
HGF and VEGF were significantly associated with tumor
response, independent of the EGFR mutation status. The
sensitivity and specificity of HGF and VEGF for discrimi-
nating PD from PR plus SD were determined using the
cutoff values according to a previously reported method-
ology (17). The cutoff values for HGF and VEGF for dis-
criminating PD from PR plus SD were 1,228 pg/mL and
1,187 pg/mL, respectively. The sensitivity and specificity
of HGF for discriminating PD from PR plus SD were
0.848 and 0.677, and those for VEGF were 0.788 and
0.710, respectively.

Univariate analysis of dinical molecular factors for
PFS and OS

The numbers of observed events were 85 cases for PFS
and 70 cases for OS. The median PFS and OS were 4.0 and
8.9 months, respectively. Among the clinical factors that
were examined, a male gender, a poor PS, and a positive
smoking history were significantly related with a poor PFS
and OS (Table 3). Regarding the serum concentrations of
the molecules, higher concentrations of HGF, HB-EGF,
TnC, and VEGF were significantly associated with a shorter

PFS and OS (Table 3). Similar to the results for tumor
response, HGF and VEGF were associated with both PFS
and OS when all the cases were analyzed, with all tests
exhibiting a hazard ratio (HR) with a P value <0.0001.
Similar results were obtained when subsets of patients
with a known EGFR status and patients with wild-type
EGFR were analyzed (data not shown). Figure 2 shows
the Kaplan-Meier estimates for PFS and OS with regard
to the concentrations of serum HGF and VEGF. Although
a determination of the optimal cutoff values was beyond
the scope of this study, all the patients were divided into
one of four groups according to the quartile values for
each molecule. The curves provided a clear trend indicat-
ing that the outcomes became poorer as the concentra-
tions of these molecules increased. To compare these
results with those for patients with a known EGFR status
in Table 3, we calculated the univariate HRs for the EGFR
status (wild-type versus mutant) in the subset of patients
with a known EGEFR status. These HRs were 3.49 [95%
confidence interval (95% CI), 1.76-6.92; P = 0.0004]
and 3.32 (95% Cl, 1.52-7.24; P = 0.0026) for PFS and
OS, respectively.

Multivariate analysis stratified
mutation status for PFS and OS
The purpose of this study was to investigate novel mar-
kers correlated with the response to EGFR-TKI treatment in-
dependently of the EGFR status. However, the EGFR status
(wild-type/mutant/unknown) did not satisfy the assump-
tion of proportional hazards in our data. Hence, we
adopted a stratified model, and the multivariate Cox anal-
yses always included the EGFR status as a stratification fac-
tor when estimating the adjusted HRs (ref. 18; Table 4).
Gender and PS remained statistically significant at a level

ding to EGFR
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Table 3. Univariate analysis of clinical molecular factors for progression-free and overall survival (Cont'd)
EGFR status known (n = 43)
Progression-free survival Overall survival
HR (95% CI) P HR (95% CI) P
0.73 (0.36-1.47) 0.37 1.01 (0.47-2.16) 0.99
1.86 (0.94-3.69) 0.07 1.78 (0.84-3.76) 0.13
1.59 (0.74-3.44) 0.2365 2.90 (1.26-6.66) 0.0123
0.66 (0.25-1.72) 0.39 1.85 (0.55-6.15) 0.32
2.38 (1.17-4.87) 0.0174 3.01 (1.31-6.93) 0.0096
1.22 (0.75-1.98) 0.42 1.46 (0.79-2.69) 0.23
1.25 (0.52-2.98) 0.62 1.38 (0.50-3.83) 0.54
1.30 (0.81-2.07) 0.277 1.64 (0.89-3.01) 0.11
11.71 (3.78-36.3) <0.0001 18.17 (4.93-67.0) <0.0001
1.22 (0.79-1.89) 0.38 1.58 (0.84-2.99) 0.16
1.21 (0.87-1.68) 0.25 1.34 (0.92-1.96) 0.12
1.55 (1.05-2.28) 0.0275 1.89 (1.21-2.96) 0.0055
3.03 (1.63-5.62) 0.0005 3.19 (1.65-6.17) 0.0006
NOTE: Univariate analysis was done for all the patients and in a subset of patients with a known EGFR mutation status. Log-
transformed values are used for all the molecules.

of 0.05 in a multivariate model that included the three
clinical variables with a small Pvalue (<0.20) in a univariate
analysis. Smoking status was no longer significant (P = 0.46
and P = 0.40 for PFS and OS, respectively) because it

was highly correlated with gender (P < 0.0001, Fisher's
exact test). Thus, we fixed gender and PS in the Cox model
and identified significant molecules by backward selection
with P> 0.05 as a removal criterion. Table 4 shows the final
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Fig. 2. Kaplan-Meier curves for PFS and OS. Patients were divided into four groups according to the quartile values of each molecule. For HGF
(A), red group, patients with <1,061 pg/mL; yellow, with 1,061 to 1,231 pg/mL; green, with 1,232 to 1,521 pg/mL; blue, with >1,522 pg/mL. For VEGF
(B), red group, patients with <700 pg/mL; yellow, with 700 to 1,115 pg/mL; green, with 1,116 to 1,769 pg/mL; blue, with >1,769 pg/mL.
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Table 4. Final multivariate model for progression-free survival and overall survival

Progression-free survival

Overall survival

applied. Log-transformed values are used for all the molecules.

HR (95% Cl) [4 HR (95% CI) P
Gender Male vs. Female 1.29 (0.76-2.20) 0.34 1.92 (1.06-3.47) 0.0303
PS 2-4 vs. 0-1 0.61 (0.34-1.09) 0.10 1.56 (0.87-2.75) 0.14
HGF 6.31 (2.60-15.3) <0.0001 4.01 (2.20-7.32) <0.0001
VEGF 2.01 (1.14-3.57) 0.0165
NOTE: Gender and PS are fixed in the model. Molecular markers were then using the procedure with a

removal probability of 0.05. In all the steps, a Cox model stratified according to the EGFR status (wild-type/mutant/unknown) was

model using this procedure. HGF (HR, 6.31; 95% CI, 2.60-
15.3; P < 0.0001) and VEGF (HR, 2.01; 95% ClI, 1.14-3.57;
P = 0.0165) were significant for PFS, whereas only HGF
(HR, 4.01; 95% ClI, 2.20-7.32; P < 0.0001) was significant
for OS; a high concentration of HGF showed a shorter
PFS and OS independently of the clinical variables of EGFR
status, gender, and PS (Table 4). In the final model, no
interaction was shown between the EGFR status and
HGF (P = 0.84 and P = 0.20 for PFS and OS, respectively).
The results shown in Table 4 were also stable in analyses of
subsets of patients with a known EGFR status as well as
patients with wild-type EGFR (data not shown).

Discussion

HGF was identified as a natural ligand of the MET recep-
tor and belongs to the plasminogen family (19). It contains
a hairpin loop followed by four kringle domains flanked by
an activation portion and a serine protease domain devoid
of proteolytic activity (20). In cancer cells, activation of the
Met receptor increases invasion and metastasis, and allows
the survival of cancer cells in the bloodstream in the ab-
sence of anchorage (20). In addition, HGF is well known
as a potent angiogenic cytokine, and Met activation can
modify the microenvironment to facilitate cancer progres-
sion (21). Therefore, HGF-MET signaling is regarded as an
oncogenic signaling pathway, and intensive therapeutic ap-
proaches focusing on this signaling pathway are ongoing in
the field of cancer treatment (22).

Meanwhile, a high serum HGF concentration has been
associated with a poor prognosis in many malignant neo-
plastic diseases, including colorectal, esophageal, gastric,
and prostate cancer, as well as malignant myeloma (23-
25). Where cancer treatment is concerned, high peripheral
and portal HGF serum levels are related to a poor prognosis
after hepatic resection in hepatocellular carcinoma (HCC)
patients (26). The HGF level is also elevated in patients with
myeloma, and patients with higher HGF levels tend to have
a poorer prognosis; furthermore, treatment with high-dose
chemotherapy reduced the serum HGF level in the majority
of these patients (27). The above-mentioned evidence
suggests that a high serum HGF level is a relatively well-

established predictor of poor prognosis. Ishikawa et al. have
shown that, besides HGF, amphiregulin and TGF-a are pre-
dictors of a poor response to gefitinib in EGFR status-
unknown advanced non-small cell lung cancer (17).
Although we did not obtain similar results, these molecules
are expected to be noninvasive predictive biomarkers.

On the other hand, few reports have examined the predic-
tive value of HGF with regard to the clinical outcomes of
chemotherapy or molecular-targeting drugs. A recent study
showed that the pretreatment HGF concentrations in the
peripheral blood plasma as well as in the bone marrow
plasma of patients who achieved a complete or very
good partial response were significantly lower than those
in patients who had a partial or worse response (28). In
this study, we showed, for the first time, that a high pre-
treatment serum HGF level was associated with poor
clinical outcomes, including tumor response and survival
time, in patients treated with EGFR-TKIs. The robust as-
sociation of this parameter with outcome regardless of
the EGFR mutation status clearly suggests that the serum
HGF level could be useful for predicting the response to
EGFR-TKI treatment on an individual basis. The direct
sequencing for EGFR mutations could have produced
false-negative results, presenting a bias for the relevance
of HGF in patients with supposed wild-type EGFR.
We plan to evaluate EGFR mutations using a highly
sensitive detection method in a future study.

Although we do not have any definitive biological data
to address the question of why a high pretreatment se-
rum HGF level is associated with a poor clinical outcome
after EGFR-TKI treatment, several studies are worth not-
ing. Engelman et al. showed that the amplification of
MET causes gefitinib resistance by driving the ERBB3
(HER3)-dependent activation of phosphoinositide 3-
kinase, and they proposed that MET amplification may
promote drug resistance in other ERBB-driven cancers
(29). Yano et al. clearly showed that HGF-mediated
MET activation is involved in gefitinib resistance in lung
adenocarcinoma with EGFR-activating mutations (30).
In addition, a recent study has clearly shown that HGF
accelerates the development of MET amplification both
in vitro and in vivo, mediating the EGFR kinase inhibitor
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resistance caused by either MET amplification or auto-
crine HGF production (31). These studies indicate that
the activation of HGF-MET signaling confers resistance
to EGFR-TKIs. Therefore, lung cancer cells producing
high amounts of HGF might mediate drug resistance
to EGFR-TKIs, leading to poor treatment outcomes.

In this study, a multivariate analysis revealed that the
serum HGF level was independently associated with a
poor treatment outcome. This finding indicates the possi-
bility of using the serum HGF level to refine the indica-
tions for patients who are likely to respond to EGFR-TKI
treatment. In particular, patients with wild-type EGFR are
considered to be less sensitive to EGFR-TKIs, but our re-
sults might allow the identification of a selective subgroup
of these patients who might actually benefit from this
treatment. When used in combination with EGFR muta-
tion status, the serum HGF level might increase the clinical
benefit of EGFR-TKIs by allowing the further individuali-
zation of this treatment. We plan to conduct a prospective
study to validate the ability of the serum HGF level to
predict the response to EGFR-TKI treatment.
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The cell cycle is strictly regulated by numerous mechanisms to
ensure cell division. The transcriptional regulation of cell-cycle-
related genes is poorly understood, with the exception of the E2F
family that governs the cell cycle. Here, we show that a transcrip-
tion factor, zinc finger protein 143 (ZNF143), positively regulates
many cell-cycle-associated genes and is highly expressed in multi-
ple solid tumors. RNA-interference (RNAi)-mediated knockdown of
ZNF143 showed that expression of 152 genes was downregulated
in human prostate cancer PC3 cells. Among these ZNF143 targets,
41 genes (27 %) were associated with cell cycle and DNA replication
including cell division cycle 6 homolog (CDC6), polo-like kinase 1
(PLK1) and minichr e complex comp
(MCM) DNA replication proteins. Furthermore, RNAi of ZNF143
induced apoptosis following G2/M cell cycle arrest. Cell growth of
10 lung cancer cell lines was significantly correlated with cellular
expression of ZNF143. Our data suggest that ZNF143 might be a
master regulator of the cell cycle. Our findings also indicate that
ZNF143 is a member of the growing list of non-oncogenes that are
promising cancer drug targets. (Cancer Sci, doi: 10.1111/j.1349-
7006.2010.01725.x, 2010)

Tra\nscriplional regulation of gene expression requires the
orchestrated recruitment of transcription factors by
sequence-specitic DNA binding regulators. Staf was initially
identified as the transcriptional auw.uox of the RNA polymerase
II-dependent Xenopus (RNA gene.'” It has recently been shown
that its human ortholog zinc finger protein 143 (ZNF143; fi
merly known as hStaf) is also_involved in RNA-polyme:
dependent gene transcription. 3 The DNA binding domain of
ZNF143 is located in the Lenlml part of the protein and consists
of seven zinc finger domains.”'* The ZNF143 DNA binding site
is thought to be at least |8 bp long because the protein has seven
zinc fingers; by analogy, the wcl]-known zinc finger transcrip-
tion factor Sp family and members of the KLF family contain
three zinc hngels and recognize DNA sequences approximately
6 bp long.”’ Recently, it has been shown by a bioinformatics
approach that ZNF143 binding sites are widely dlsmbu(cd in the
CpG island-type promoters of the human genome.'” Functional
classification of ZNF143 target genes has revealed that many of
the identified genes are important for cell growth: 27% of the
genes are categorized as cell cycle/DNA replication/DNA
repair proteins.

We have previously reported that expression of ZNF143 is
induced by DNA-damaging agents and is enhanced in cisplatin-
resistant cell lines.”" ZNF143 binds preferentially to cisplatin-

doi: 10.1111/].1349-7006.2010.01725.x
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modified DNA. We also found that ZNF143 binding sites are
frequently found in the promoter region of DNA repair genes.

Here. we investigated the ZNF143 target genes by RNA inter-
ference (RNAI). One hundred and fifty-two genes were down-
regulated by ZNF[43-specific small interfering RNA (siRNA)
transfection. Among them, 41 genes are categorized as con-
cerned with cell cycle and DNA replication. ZNF143 was highly
expressed in cancer cells when compared with non-tumor
regions. Downregulation of ZNF143 effectively induced G2/M
cell cycle arrest and apoptosis, indicating that ZNF[43 might be
a promising molecular target for anti-cancer drugs.

Materials and Methods

Cell culture and antibodies. Human grmmlc cancer cells
PC3.” human cervical cancer cells HeLa'” and human bladder
cancer cells T24® were cultured in minimum essential medium
(MEM). Human colon cancer cells Caco-2” and DLD1,""”
human glioblastoma CCF- STTGI"'" and human astrocytoma
cells U343"" were cultured in Dulbecco’s modified Eagle's
minimal essential medium. Human Iun% cancer cells A549 fish
B203L,* PCY.0% AL QG567 SQ1.¥ B1203L."*
PC10,2 00411 and AS29L"'? were cultured in RPMI 1640
medium. These media were purchased from Nissui Seiyaku
(Tokyo, Japan) and contained 10% fetal bovine serum. Cell lines
were maintained in a 5% CO, atmosphere at 37°C. Antibodies
against peroxiredoxin 4 (PRDX4) (sc-23974). minichromosome
maintenance complex component 2 (MCM2) (sc-9839), MCM3
(5¢-9850), MCM4 (sc-28317), MCMS5 (sc-22780) and MCM6
(sc-9843) were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Antibodies against Flag (M2) and B-actin
(A5441) were purchased from Sigma Aldrich (St Louis, MO,
USA). Antibodies against aurora B kinase (AURKB) (1788-1)
and nuclear factor (erythroid-derived 2)-like 2 (Nrf2) (2073-1)
were purchased from Epitomics (Burlingame, CA, USA). Anti-
bodies against PLK1 (37-7000) and CDC6 (05-550) were pur-
chased from Invitrogen (Carlsbad, CA, USA) and Upstate
Biotech (Lake Placid, NY. USA), respectively. The polyclonal
antibody against the hl!ﬁh mobility group B2 (HMGB2) was
described previously.' The polyclonal antibody against
ZNF143 was raised by multiple immunizations of a New Zealand
white rabbit with synthetic peptides. The synthetic peptide
sequences were MLLAQINRDSQGMTEFPGGGMEAQHVTLC
and QLGEQPSLEEAIRIASRIQQGETPGLDD for ZNF143,
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Plasmid construction. To prepare luciferase (luc) reporter
plasmids, genomic DNA was amplified with the following primer
pairs: CDC6 lucl, 5-AGATCTCGCCTCCCAGCGTGCTTTG-
CGG-3" and 5-AAGCTTCACCCAGCTCCGCTGCCTCAC-3";
CDC6 luc2, 5-AGATCTACTACGCCTCCCAGCGTGCTTTG-
CGG-3" and 5-AAGCTTCACCCAGCTCCGCTGCCTCAC-3;
PLK1 luc, 5-AGATCTCCGCATCCACGCCGGGTTTGG-3" and
5'- AAGCTT(:CGCTGCAGACCT( GATCCGAGC-3"; AURKB
luc, 5-AGATCTCACTGGGGGAATTTGGGGAAAC-3' and

5-AAGCTTGGGGTCCAAGGCACTGCTACTC-3"; MCM?2 luc,
5 AGATCTCGAACTCCTGAGCTTGTGATCC-3" and 5-AA-
G(‘TTCTCCGC(‘ACTACAGC AACAACC-3'; and HMGB2 Tuc.
5-AGATCTGGGCGGCGCACGGGAGACCC-3 and 5-AAG-
CTTCCCGCAGAGCGGCCGGACCC-3". Restriction enzyme
sites are underlined. These PCR products were cloned and
ligated into the Bg/TI-Hindl site of the pGL3-basic vector
(Promega, Madison, WI, USA). The pGL3-P2 (promoter vec-
tor) containing an SV40 promoter upstream of the luciferase
gene was purchased from Promega. Preparation of 3xFlag-
ZNF143 expression plasmid was described previously.”

Knockdown with siRNA. The following double-stranded RNA
25-bp oligonucleotides were commercially generated (Invitro-
gen): ZNFI143 siRNA, siZNF #1, 5-GCTGGAAGATGGTA-
CCACAGCTTAT-3" (sense) and 5-ATAAGCTGTGGTACC-
ATCTTCCAGC-3" (antisense): and siZNF #2, 5-GGACGAC-
GTTGTTTCTACACAAGTA-3" (sense) and 5-TACTTGTGT-
AGAAACAACGTCGTCC-3" (antisense). Two hundred pico-
moles of s$iRNA were mixed with 10 pL Lipofectamine 2000
(Qiagen, Hilden, Germany) .lL(()YdII'I& to the manufacturer’s
instructions. After 20 min, 1 x 10° cancer cells were gently
mixed and incubated for a further 20 min. Transfected cells
were used for oligonucleotide microarray study, cell prolifera-
tion assays, flow cytometry and western blotting.

Oligonucleotide microarray study and microarray analysis. A

microarray procedure was performed as described previously."'
In brief, total RNA extracts were collected from PC3 cells trans-
fected with ZNF 143 #2 siRNA or control siRNA in duplicate, as
described above. Eight GeneChips (Affymetrix, Santa Clara,
CA., USA) were used for analysis. The microarray analysis was
performed using the BRB Array Tools software ver. 0
(http://linus.nci.nih.gov/BRB-ArrayTools.html) developed by Dr
Richard Simon and Amy Peng.

Cell proliferation assays. The cell proliferation assay was
described prevmusly 9 Briefly. siRNA-transfected cancer cells
were seeded into 12-well plates at a duhll) of 5 x 10* cells per
well. Twenty-four hours after transfection was set as time zero.
The cells were harvested by (ryp: ation and counted every
24 h with a Coulter-type cell size analyzer (CDA-500; Sysmex
Corp., Kobe, Japan).

Flow cytometry. Flow cylometry was described previ-
ously. as) Briefly, siRNA-transfected PC3 cells (1 x 10°) were
seeded into 90-mm plates. After 72 h, the cells were analyzed
using an EpicsXL-MCL flow cytometer (Beckman-Coulter,
Miami, FL, USA). For assessment of apoptosis, an Annexin V-
fluorescein isothiocyanate (FITC) Apoptosis Detection kit IT
(BD Biosciences, San Jose, CA, USA) was used.

Western blotting. Transfection of expression plasmid and
preparation of nuclear proteins was described previously.'”
ZNF143 expression plasmid- or siRNA-transfected PC3
cells were collected after 48-72 h and nuclear protein or whole
cell lysate was subjected to western blotting. Detection was
performed using cnhanced chemiluminescence (Amersham,
Piscataway, NJ. USA). The protein expression levels were
quantitated using a Multi Gauge Version 3.0 (Fujifilm, Tokyo,
Japan).

Ch ipitation (ChIP) assays. The cloning of
PC3 cells stably e(pres\m;__ 3xFlag-tagged ZNF143 has been
described previously."” Purified DNA from these cells was used

for PCR analysis with the indicated primer pairs (Table S1).
The PCR products were separated by electrophoresis on 2% aga-
rose gels and were stained wuh cthidium bromide.

Reporter assays. One x 10° PC3 cells per well were seeded
into 12-well plates. The following day, | pg luciferase reporter
plasmid was transfected with 30 pmnl ZNF 143 siRNA or con-
trol siRNA using 5 pL Lipofectamine 2000 (Qiagen). After
48 h, luciferase activity was detected using a Picagene kit (Toyo
Ink, Tokyo, Japan). Light intensity was measured using a lumi-
nometer (Luminescencer JNIT RAB-2300; Atto. Japan). The
results shown are normalized for protein concentration measured
using the Bradford method, and are representative of at least
three independent experiments.

Human tissue samples. Samples were obtained from the sur-
gical pathology archive of the Department of Pathology and Cell
Biology of The University of Occupational and Environmental
Health in Kitakyushu, Japan. The selected tissues consisted of
one surgically resected case each of esophageal carcinoma, gas-
tric adenocarcinoma, squamous cell carcinoma of the lung, uro-
thelial carcinoma of the urinary bladder, testicular seminoma
and cerebral astrocytoma. These cases were classified according
to the World Health Organization Histological Typing of each
tissue. The diagnosis was re-evaluated and confirmed by at least
three board-certified surgical pathologists who had examined
formalin-fixed, paraffin-embedded tissue sections stained with
hematoxylin and eosin or other appropriate immunohistochemi-
cal stains.

Immunohistochemistry. The specimens were fixed in 20%
formaldehyde and embedded in paraffin. Four micrometer-thick
tissue sections were deparaffinized, dehydrated with graded
xylene and alcohol, and incubated in 3% hydrogen peroxide for
5 min at room temperature (o eliminate endogenous peroxidase
activity. Antigen retrieval for the anti-ZNF143 antibody was
performed with 0.1 M citrate buffer (pH 6.0) in an autoclave for
15 min. The sections were then incubated with anti-ZNF143
antibody (dilution ratio 1:200). The Envision plus system (Dako,
Carpinteria, CA, USA) was used for antibody-bridge labeling,
with hematoxylin counterstaining.

Statistical analysis. Pearson’s correlation was used for statisti-
cal analysis, and significance was set at the 5% level.

Results

ZNF143 expression is required for cancer cell growth. We esti-
mated specificity of both ZNF143 antibody and ZNF/43 siRNA.
ZNF143-specific antibody recognized both endogenous 90 kDa
protein and exogenous 3xFlag-ZNF143 protein (Fig. 1A).
Endogenous ZNF143 protein was completely abolished with
treatment of specific siRNA against ZNF143 (Fig. 1B). An
in silico genome-wide screen for ZNF143 binding sites sug-
gested lh.ll many of the target genes are involved in cell
growth.'” To contirm these results, we first investigated whether
/NFIU expression is required for cancer cell growth. At first,
downregulation of ZNFI43 expression effectively reduced cell
growth in PC3 cells (Fig. 2A). Analysis of cell cycle profiles
was performed on human prostate cancer PC3 cells after trans-
fection with two different ZNF43-specific siRNA. A marked
increase in G2/M phase cells was observed when cells were
transfected with ZNF143 siRNA (Fig. 2B,C). In addition.
knockdown of ZNF143 expression induced apoptosis, as shown
by an increased percentage of cells in the subGl population
(~5%). whereas only 1% of cells treated with control siRNA
was in the subGl population (Fig. 2C). To extend these
results, the cells were stained with an anti-Annexin V-FITC
antibody. Treatment with control siRNA did not induce
apoptosis, whereas knockdown of ZNF143 expression resulted
in an increase in the percentage of annexin V positive cells
(Fig. 2D).
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DNA microarray analysis with ZNF143-specific sikNA. We then
evaluated global expression profiles to determine the real
ZNF143 target genes by ¢DNA microarray. One hundred
and fifty-two genes were downregulated <0.4-fold after
ZNF143-specific siRNA (ransfection, whereas 84 genes were
upregulated more than 2.5-fold after downregulation of ZNF 143

Izumi et al.

expression (Table S2). To categorize the 152 downregulated
genes, we used the Database for Annotation, Visualization and
Integrated Discovery (DAVID) Bioinformatics Resources Pro-
gram (http://david.abec.nciferf.gov/). Among 152 genes, 41
(27.0%) were categorized as concerned with the cell cycle/DNA
replication (Table I). Next, we searched for putative ZNF143
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Table 1. Cell cycle/DNA replication associated genes downregulated following zinc finger protein 143 (ZNF143) knockdown

Gene ID Symbol Accession Gene name Fold changet
23397 NCAPH NM_015341 Barren homolog 1 (Drosophila) 0.174
991 CDC20 NM_001255 CDC20 cell division cycle 20 homolog (Saccharomyces cerevisiae) 0.221
57405 SPC25 NM_020675 Spindle pole body component 25 homolog (S. cerevisiae) 0.234
4174 MCMS5 NM_006739 MCMS5 minichromosome maintenance deficient 5, 0.234

cell division cycle 46 (S. cerevisiae)

9212 AURKB NM_004217 Aurora kinase B 0.239
890 CCNA2 NM_001237 Cyclin A2 0.248
990 CDC6 NM_001254 CDC6 cell division cycle 6 homolog (S. cerevisiae) 0.252
4173 MCM4 NM_005914 MCM4 minichromosome maintenance deficient 4 (S. cerevisiae) 0.256
4176 MCM7 NM_005916 MCM?7 minichromosome maintenance deficient 7 (S. cerevisiae) 0.258
5347 PLK1 NM_005030 Polo-like kinase 1 (Drosophila) 0.266
7465 WEE1 NM_003390 WEE1 homolog (Schizosaccharomyces pombe) 0.278
81620 T NM_030928 DNA replication factor 0.284
83461 CDCA3 NM_031299 Cell division cycle associated 3 0.288
5888 RADS51 NM_002875 RADS1 homolog (RECA homolog, Escherichia coli) (S. cerevisiae) 0.289
MHn MCM2 NM_004526 MCM2 minichromosome maintenance deficient 2, mitotin (S. cerevisiae) 0.289
56992 KIF15 NM_020242 Kinesin family member 15 0.290
3148 HMGB2 NM_002129 High-mobility group box 2 0.295
113130 CDCAS NM_080668 Cell division cycle associated 5 0.301
54443 ANLN NM_018685 Anillin, actin binding protein (Scraps homolog, Drosophila) 0.320
55388 MCM10 NM_018518 MCM10 minichromosome maintenance deficient 10 (S. cerevisiae) 0.332
4172 MCM3 NM_002388 MCM3 minichromosome maintenance deficient 3 (S. cerevisiae) 0.334
9918 NCAPD2 NM_014865 Chromosome condensation-related SMC-associated protein 1 0.336
11004 KIF2C NM_006845 Kinesin family member 2C 0.348
1017 CDK2 NM_001798 Cyclin-dependent kinase 2 0.348
51512 GTSE1 NM_016426 G-2 and S-phase expressed 1 0.353
9088 PKMYT1 NM_004203 Protein kinase, membrane associated tyrosine/threonine 1 0.356
5984 RFC4 NM_002916 Replication factor C (Activator 1) 4, 37KDA 0.357
3835 KIF22 NM_007317 Kinesin family member 22 0.358
10403 NDC80 NM_006101 Kinetochore associated 2 0.359
699 BUB1 NM_004336 BUB1 budding uninhibited by benzimidazoles 1 homolog (Yeast) 0.360
9055 PRC1 NM_003981 Protein regulator of cytokinesis 1 0.363
9700 ESPL1 NM_012291 Extra spindle poles like 1 (S. cerevisiae) 0.365
55143 CDCA8 NM_018101 Cell division cycle associated 8 0.369
1104 RCC1 NM_001269 Regulator of chr cor ion 1 0.376
5982 RFC2 NM_002914 Replication factor C (Activator 1) 2, 40KDA 0.376
9787 DLG7 NM_014750 Discs, large homolog 7 (Drosophila) 0.391
10051 SMc4 NM_005496 SMC4 structural maintenance of chromosomes 4-like 1 (Yeast) 0.391
9493 KIF23 NM_004856 Kinesin family member 23 0.397
4751 NEK2 NM_002497 NIMA (never in mitosis gene A)-related kinase 2 0.399
899 CCNF NM_001761 Cyclin F 0.399
22974 TPX2 NM_012112 TPX2, microtubule-associated, homolog (Xenopus laevis) 0.399

List of cell cycle/DNA-replication-associated genes with fold change marked <0.4. tFold change indicates the average of expression data of

ZNF143 siRNA/control siRNA.

binding sites in the promoter region of these genes. All 41 genes
had at least one ZNF143 binding site within 1 kb of the putative
transcription start site (Table 1).

Validation of the ZNF143 target genes. To validate the
microarray expression data, we performed western blotting,
ChIP assays and reporter assays. We obtained eight specific
antibodies for proteins among the 41 cell cycle/DNA replica-
tion regulators with ZNF143 binding site(s). As shown in
Figure 3, the expression of nine proteins was decreased by
ZNF143 siRNA transfection. In particular, PLK1, CDC6 and
HMGB2 were substantially decreased, whereas B-actin and
PRDX4, which do not have a ZNFI43 binding site, were not
affected by ZNFI43 siRNA transfection. Next, we examined
whether ZNF143 directly regulates the expression of these
genes using ChIP and luciferase reporter assays. For ChIP
assays, we used stable transfectants that expressed three flag
tags at the N-terminus of ZNF143.” As shown in Figure 4A,
ZNF143 bound to the promoters of the seven genes that con-

tained a ZNF143 binding site. The promoter region of
PRDX4, which does not have a ZNFI143 binding site, was
used as a negative control. We also investigated the lucifer-
ase reporter activities of five genes. The promoter activities
of CDC6, PLKI, AURKB, MCM2 and HMGB2 were clearly
decreased by transfection with ZNF/43-specific siRNA #2
(Fig. 4B). Myslinski er al.” reported that 58% of genes that
had a ZNF143 binding site contained the submotif ACTACN
in their 5" regions, and that their promoter activities were
higher than those of promoters that lacked the submotif. To
confirm these results, we prepared two CDC6 promoters:
CDC6 luc2 contained the ACTACN sequence and CDC6
lucl did not. As shown in Figure 4C, our results were consis-
tent with the findings of Myslinski er al., and ZNF143 siRNA
reduced both CDC6 promoter activities, with or without the
ACTACN motif, in the same ratio (Fig. 4B).

Correlation between ZNF143 expression and cell growth in
human lung cancer. ZNFI143 regulates the gene expressions
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Fig. 3. ZNF143 small interfering RNA (siRNA) reduced the expression
of cell cycle/DNA replication-related genes. siRNA-transfected PC3
cells were used for western blotting. Quantitation of protein
expression levels is shown under the panels. siZNF #1 and #2 indicate
ZNF143 siRNA #1 and #2, respectively.

associated with the cell cycle and DNA replication. We investi-
gated the cellular expression level of ZNF143 and doubling time
with 10 lung cancer cell lines. ZNF143 expression was different
in each cancer cell line as compared with Nrf2 and inversely
correlated with doubling time (Fig. 5A,B). This result is consis-
tent with repression of cell growth by downregulation of
ZNF143 in lung cell cancer A549 and 904L (Fig. 5C). Repres-
sion of cell growth by downregulation of ZNFI143 was also
observed in HeLa, DLDI, Caco-2, T24, CCF-STTG1 and U343
(data not shown).

ZNF143 expression in human cancer specimens. To investigate
further whether highly proliferative cancer cells are character-
ized by increased ZNF143 expression, tissue sections of surgical
specimens from cancer patients were analyzed by immunohisto-
chemistry (Fig. 6). Six solid tumors (esophageal carcinoma, gas-
tric adenocarcinoma, squamous cell carcinoma of the lung,
urothelial carcinoma of the urinary bladder, testicular seminoma
and cerebral astrocytoma) were analyzed in comparison with
adjacent non-tumor samples. Nuclear-localized ZNF143 was
strongly expressed in cancer cells. Expression of ZNF143 was
low or weak in non-tumor tissue.

Discussion
We have identified a number of genes that are induced by (reat-

ment with a\nli-cancer. agents and/or overexpressed in drug-
resistant cells.”'*'*" The drug sensitivity of cancer cells is

Izumi et al.

governed by the complex pathways involved in the pathogenesis
of cancer,™2® and identification of the molecules governing
cancer cell growth is emerging as a primary theme of molecular
therapies. The transcription factor ZNF143 is stress-inducible
and overexpressed in cisplatin-resistant cells.”*” We found
ZNF143 binding sites in the promoter region of many DNA
repair genes and propose that ZNF143 regulates the expression
of DNA repair genes. It has been shown recently that ZNF143
binding sites are widely distributed in the human genome and
are located in the promoters of approximately 1000 human
genes."” This suggests that ZNF143 might regulate basic cellu-
lar functions at the transcriptional level.

Many studies have indicated that the cellular content of
cell-cycle-related gene products is strictly regulated POS[_
translationally by the ubiquitin—proteasome syslcm.‘”‘“q On
the other hand, little is known about the transcriptional regula-
tion of cell-cycle-related genes. The E2F family of transcrip-
tion factors is well known to be a master regulator of cell
proliferation and is regulated by the retinoblastoma tumor sup-
pressor gene.“” In this report, downregulation of ZNF143
strongly induced G2/M arrest. On the contrary, downregula-
tion of E2F induced GI cell cycle arrest, indicating that the
role of ZNF143 may be quite distinct from that of E2F in the
cell cycle. ZNF143 target genes have been identified by a
combination of in silico and experimental appr(mchcs,”" Mys-
linski e al.'® used eleven 18-bp binding sites in a genome-
wide motif search and identified approximately 1000 genes as
ZNF143 target genes. Functional classification of these genes
indicated that the majority of the identified genes are impor-
tant for cell growth. Consistently, our results clearly showed
that ZNF143 is required for cancer cell growth (Figs 2,5).
RNAi-mediated knockdown of ZNF143 showed that the
expression of 152 genes was downregulated in human prostate
cancer PC3 cells (Table S1). Among these, 41 genes are cate-
gorized as concerned with cell cycle/DNA replication
(Table 1). The human genome database suggests that approxi-
mately 500-600 genes are assigned for cell cycle/DNA
replication. Based on our data, approximately 7.5% (41
genes/500-600 genes) of cell cycle/DNA replication genes
might be directly or indirectly regulated by ZNF143. On the
other hand, ZNF143 regulates only approximately 0.5% (110
genes/23 000-27 000 genes) of other genes except for cell
cycle/DNA  replication. It is noteworthy that important
cell-cycle-associated kinases such as PLKI!, AURKB, WEEI,
budding uninhibited by benzimidazoles (BUB/) and cyclin-
dependent kinase 2 (CDK?2) are target genes for ZNF143. Only
nine (SPC25, CDC6, PLKI, RAD5I, MCM3, KIF2C, GTSEI,
ESPLI, CDCA8) (22%) of 41 genes were present in the
ZNF143 target gene list identified by the in silico genome
screen.® We also found putative ZNFI143 binding sites in
many DNA repair genes:” however, only four (RadSl,
BRCAI, FENI, EXOI) genes were downregulated by ZNF143
siRNA. Tt has been shown that BUB family expression is
required for cancer cell growth but not for normal cells, indi-
cating that the BUB l'amil;/ is one of the genes involved in
non-oncogene addiction.®'*? It is an interesting finding that
BUBI and BUBIB®? are target genes of ZNF143. These indi-
cate that ZNF143 specifically regulates genes associated with
cell cycle/DNA replication and is one of the master regulators
of DNA metabolism including cell cycle and cell growth.

It is well established that transcription factors do not make good
targets for drug design, because transcription factors form multi-
ple complexes with other cofactors. Our immunohistochemical
studies have shown that ZNF143 is highly expressed in cancer
cells (Fig. 6). RNAi-mediated knockdown of ZNF143 induced
apoptosis following G2/M cell cycle arrest (Fig. 2). Because
cell-cycle-associated kinases have a critical role in cell cycle
progression, these kinases comprise a promising set of targets
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Fig. 4. Luciferase reporter and chromatin immunoprecipitation
assays. (A) Soluble chromatin was prepared from flag tagged zinc
finger protein 143 (ZNF143) stable transfectants (lanes 3-5) or mock
transfectants (lanes 1 and 2), and immunoprecipitated with anti-
mouse IgG (lane 4) or anti-Flag (M2) antibodies (lanes 2 and 5).
Extracted immunoprecipitated DNA (lanes 2, 4 and 5) and soluble
chromatin (lanes 1 and 3) were amplified using specific primer pairs
for the indicated promoter regions. The PCR products for CDC6, PLK1,
MCM2, SPC25, CDC2L6, CDCA5, CDCA8 and PRDX4 were 463, 296, 423,
258, 411, 342, 260 and 153 bp, respectively. (B) PC3 cells were
transfected with reporter plasmid and ZNF143 small interfering RNA
(siRNA). Luciferase activities were normalized to each reporter activity
with control siRNA. The gray and black bars indicate control siRNA
and ZNF143 siRNA #2, respectively. Bars represent = SD, (C) PC3 cells
were transfected with reporter plasmid. The results were normalized
to the protein concentration and are representative of at least three
independent experiments. Both CDC6 lucl and luc2 have a ZNF143
binding site, and CDC6 luc2 also has the ACTACN motif in the ZNF143
binding sequence. Luciferase activities were normalized to the empty
vector pGL3-P2. Bars represent + SD.

for anti-cancer drugs.***> Among the ZNF143 target cell-
cycle-associated kinases, both PLK1 and AURKB are overex-
pressed in many types of cancer.”*™*” Our data showed that
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Fig. 5. Correlation between zinc finger protein 143 (ZNF143)

expression and cell growth. (A) Nuclear protein (50 ug) was used for
western blotting with anti-ZNF143 and anti-Nrf2 antibodies. The
doubling time for each cell lines is also shown. (B) Expression of
ZNF143 and Nrf2 were quantitated using a Multi Gauge Version 3.0.
using Figure 5A, and ZNF143 expression was normalized by Nrf2. The
maximum expression levels of ZNF143 were set to 100. CC, coefficient
of correlation. (C) A549 and 904L cells were transfected with control
SIRNA (siCtrl), ZNF143 siRNA #1 (siZNF #1) or ZNF143 siRNA #2 (siZNF
#2). The cell proliferation assay is described in Figure 2A.

RNAi-mediated knockdown of ZNF/43 effectively downregu-
lated the expression of both PLK1 and AURKB (Fig. 3). The
MCM proteins are required for pre-replication complex forma-
tion, DNA replication initiation and DNA synthesis. Tt is well
known that the MCM proteins are highly expressed in human
cancers, Therefore, the MCM proteins are diagnostic markers
and promising targets for anti-cancer drug development.“”
As shown in Figure 3, several MCM proteins are targets of
ZNF143. Because ZNFI143 regulates the expression of
both DNA replication and cell cycle regulatory members,
ZNF143 may be a promising target for cancer diagnostics and
therapies.
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Fig. 6. Immunohistochemical analysis of zinc
finger protein 143 (ZNF143) expression in various
human tumor tissues. Nuclear expression of the
ZNF143 protein was seen in all cancer cells, while
low or weak nuclear expression was seen in normal
adjacent tissues (inset). The selected tissues
consisted of surgically resected cases of esophageal
carcinoma  (A), gastric adenocarcinoma  (B),
squamous cell carcinoma of the lung (C), urothelial
carcinoma of the urinary bladder (D), testicular
seminoma (E) and cerebral astrocytoma (F).

We found Ets binding sites in the promoter region of the
ZNF143 gene. The Ets family is one of the largest families of
transcription factors and is known to be involved in diverse cel-
lular functions. The Ets family is a proto-oncogene and highly
expressed in various cancers,”"” indicating that ZNF143 expres-
sion might be regulated by the Ets family. Therefore, further
studies to investigate the correlation between Ets and ZNF143
expression with clinicopathological data should help in under-
standing the role of ZNF143 in cancer.
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Abstract

Purpose: BIBF 1120 is a potent, orally available triple angiokinase inhibitor that inhibits VEGF receptors
(VEGFR) 1, 2, and 3, fibroblast growth factor receptors, and platelet-derived growth factor receptors. This
study examined the antitumor effects of BIBF 1120 on hepatocellular carcinoma (HCC) and attempted to
ldemlfy a pharmacodynamic biomarker for use in early dll’ll(al trials.

p 1 Design: We eval d the and i ic effects of BIBF 1120 against
HCC cell line both in vitro and in vivo. For the pharmacodynamic study, the phosphorylation levels of
VEGFR2 in VEGF-stimulated peripheral blood leukocytes (PBL) were evaluated in mice inoculated with
HCC cells and treated with BIBF 1120.

Results: BIBF 1120 (0.01 pmol/L) clearly inhibited the VEGFR2 signaling in vitro. The direct growth
inhibitory effects of BIBF 1120 on four HCC cell lines were relatively mild in vitro (ICs, values: 2-5 umol/L);
however, the oral administration of BIBF 1120 (50 or 100 mg/kg/d) significantly inhibited the tumor growth
and angiogenesis in a HepG2 xenograft model. A flow cytometric analysis revealed that BIBF 1120
significantly decreased the phosphotyrosine (pTyr) levels of VEGFR2*CD45%™ PBLs and the percentage
of VEGFR2"pTyr" PBLs in vivo; the latter parameter seemed to be a more feasible pharmacodynamic
biomarker.

Conclusions: We found that BIBF 1120 exhibited potent anti and ic activity against
HCC and identified VEGFR2"pTyr* PBLSs as a feasible and noninvasive pharmacodynamic biomarker in
vivo. Clin Cancer Res; 17(6); 1373-81. ©2010 AACR.

Introduction

Anumber of antiangiogenic inhibitors have been studied

Because may achieve therap
tic levels long before toxicities anse compared with con-
| cytotoxic ch h identifying pharm-

in clinical settings, some of which have clearly a
clinical benefit in oncology. Consequently, VEGFs and
VEGF receptors (VEGFR) are now well-validated targets
in cancer therapy (1). In hepatocellular carcinoma
(HCC), 2 recent randomized controlled trials for HCC
have reported a clinical benefit of single-agent sorafenib
for extending the overall survival in both Western and
Asian patients with advanced unresectable HCC (2, 3).
On the basis of the clear results of these trials, sorafenib
is presently regarded as the standard therapy for HCC.
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acodynamic bi kers that accurately reflect the effects
of the drug on its known targets are needed (4, 5). Therefore,
a wide variety of biomarkers of antiangiogenic inhibitors
have been proposed and intensively investigated, including
plasma proteins, angiogenesis-related signaling, immuno-
histochemistry of endothelial cell markers for evaluating
microvessel density (MVD), circulating endothelial pro-
genitor/cells, and functional imaging such as dynamic con-
trast- -enhanced MRI and molecular imaging usmg posnuon
ion tomography (6). These candid
have been evaluated and characterized as prognostic, phar-
macodynamic, or response-predictive markers. Although
the utility of biomarkers for evaluating MVD was highly
anticipated, these markers were not predictive for clinical
response in patients treated with bevacizumab (7). Regard-
ing growth factors and cytokines, the plasma VEGF level has
been shown to be neither a pharmacodynamic nor a pre-
dictive biomarker of anti genic drugs (7, 8), although
the plasma VEGF level is a well-known prognostic biomar-
ker (9-11). Plasma-soluble VEGFR2, on the other
hand, may be a promising and specific biomarker of
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