












































[I. Deregulation of the cell cycle machinery in OSCC ahNSCLC:

Deregulated cell cycle progression is a hallmarkasfcer. Multiple genetic and
epigenetic changes that impact cell cycle occuinduhe evolution of normal cells into
cancer cells. This evolution is facilitated in cancells by loss of fidelity in the processes
that replicate, repair, and segregate the genoidelitly is normally achieved by the
coordinated activity of checkpoint controls, cyetlapendent kinases, and repair
pathway<®

There are at least two main checkpoints that d&bi&t damage: one at the G1-S
transition and one at the G2-M transitidG.onsiderable experimental evidence supports
the view that bypassing the cell cycle checkpofrihe G1-S/G2-M can lead to genomic
instability, inappropriate survival of geneticalpmaged cells, and the evolution of cells
to malignancy. This could occur early in cancergoession, or later in tumorigenesis and
contribute directly to survival of cells under iqappriate physiological conditiorf&?°

Strategies that reduce instability could reducenbelence or rate of cancer
developmentin this context, several important properties afaipoints merit
consideration. CDK/cyclin complexes are the maite ¢@epers of the eukaryotic cell
cycle and the terminal targets of the checkpoititways>! Understanding the molecular
events that alter the expression and activity ef@K/cyclin complexess well as
understanding the epigenetic factors that contibaigene methylation and silencing of
CDK/cyclin inhibitors like the Ink/Arf group of gexs>2*3s required to develop
preventive and therapeutic strategies aiming tarmae genomic instability in OSCC

and NSCLC (Figure 4}
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Rastriction point

Figure 4.Cell cycle regulators as therapeutic targets for cancer tiiéaptjvation of

cdl cycle regulators CDK/cyclin complexes (blue), by cell Division Cycle 25
phosphatases (CDC25), overexpression of Cyclin D1 or inactivation of negative cell
cycle regulators, CDK/cyclin inhibitors (cream) the INK4/ARF and WAF/CIP family are
all implicated in OSCC and NSCLC.
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1. Enhancer of Zeste Homolog 2:

Enhancer of Zeste Homolog 2 (EZH2) is a highly emwed histone
methyltransferase that has been shown to be ¢ridic®NA methylation and gene
silencing.lt complexes wittsuppressor of zeste 12 (SUZ12) and Embryonic eatode
development (EED) to form the multimeric PolycomépRessive Complex 2 (PRC?).

It is the catalytic subunit of the PRC2 that methyldysme-27 of histone H3 (H3-K27).
EZH2 can recruit histone deacetylase enzymes im tteessH3-K27 was previously
acetylated. In addition, EZH2 has been suggestéé t prerequisite for DNA methyl
transferases (DNMTSs) binding to EZH2-repressed géRigure 553

Overexpression of EZH2 has been observed and atdelvith poor prognosis in
several human malignanci’dt has been linked to cycling cells and Ki-67 in
lymphomagenesis and prostate carit&fFurthermore, EZH2 was required to maintain
proliferative phenotype of Ras mutated myeloma loesis*

Since hypermethylation generally leads to morelstaactivation of gene
expression, this epigenetic alteration is consui¢nebe a key pathway for long-term
silencing of tumor suppressor geffé&orced expression of EZH2 in prostate cancer
showed transcriptional repression of a cohort oiegevhich included cell cycle
inhibitors.** Interestingly, EZH2 has been shown to be up regdlat OSCC and
NSCLC,in which cell cycle inhibitors are recognized asical tumor suppressor genes,
and their expression are often downregulated bgnpter hypermethylat ion in both

malignancieg?394° 4>
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Figure SEpigenetic modulation | EZH2. A.PRC2 complex formed of EZH2, SUZ
and EED: EZH2 dmethylates and -methylates H3K2{methyl group in red ball,
thus providing a docking site for the PRC1 protePRC1 binding preven
transcriptional activatonecruitment® B. PRC2 complexs central to proliferatiol
control acting downstream of the p-E2F pathwayTarget genes are initially silenc
through histone H¥27 methylation by PRC2 in cooperat with HDAC and may als
recruit DNA methyltarnsferase DNMT>®
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The epigenetic modulator EZH2 was described to nadelithe INK4/ARF locus in
mouse embryonal fibroblasts during cellular senese®When cells enter senescence,
the binding of EZH2 is lost, leading to a decreds®el of histone H3K27
trimethylation (H3K27me3) that correlates with #hression of the Ink4a/Arf genes
involved in inhibition of the cell cycle progressi®’In addition, recent advances
describeEZH2 to compete with HDACL1 on binding to pRb, whiohibited HDAC1-
dependent pRb transcriptional repression of cy&land E2F*®47

Cell cycle progression in response to EZH2 derdgulgrovides novel links
between chromatin remodeling, cell cycle progregsamd cancer development,
suggesting EZH2 as an oncogene that plays a signtfrole in tumorigenesis (Figure
5).**Unraveling the mechanism by which EZH2 affects CBJlin complexes and
Ink4/Arf genes in OSCC and NSCLC may contributbdtter therapeutic strategies
targeting EZH2 in cancer therafilt is unlikely that all methylation changes play a
causative role in tumorigenesis, and it is a chgketoday to pinpoint those crucial genes
that are susceptible to epigenetic modulation aeduanctionally important in preventing

tumorigenesis*®
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2. Cell Division Cycle 25A Phosphatase:

Cell Division Cycle 25A (CDC25A) phosphatase is @amier of the Cell Division
Cycle family of phosphatases, it is a critical regor of cell cycle progression and
checkpoint respons@>°Indeed, CDC25A has been described in several naiicjes
including OSCC and NSCLC, as well as linked to pargnosis*>*

CDC25A is a dual specificity phosphatase foattions to remove the inhibitory
phosphates of threonine and tyrosine residueseil\ifP-binding sites of the CDKs -the
main gatekeepers of cell cycle- promoting cell eymlogression (Figure 6A.The cell
cycle promoting phosphatase CDC25A is also a dowast target for the CHK1-
mediated checkpoint pathway under unperturbedcgele as well as under DNA
damaging conditions (Figure 6B and®j°Chk1 targeting CDC25A for proteosomal
degradation after UV radiation caused inhibition@DKs/cyclins activities and
accordingly prevented cells with chromosomal abradittes from progressing through
cell division>®Given the role of CDC25A in activating CDKs throwg the cell cycle,
the CHK-CDC25A-CDK checkpoint pathway is consideagdearly wave of checkpoint
that precedes the p53 dependent checkpoint angoa p&3- independent mechanism of
cell cycle arrest or delay in G1, S, and 2.

Studies on MMTV-CDC25A transgenic mice suggest&CZ5A overexpression
to exhibit alveolar hyperplasia in the mammaryuesbut do not develop spontaneous
mammary tumors’ However, the MMTV-CDC25A transgene markedly shaetén
latency of tumorigenesis in MMTV-ras mice and aecated tumor growth with more

invasive characteristics and cell cycle miscoortiimein MMTV-neu mice>
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Compared to other CDC25 phosphatases CDC25A isatrior cell cycle
regulation. CDC25A or CDC25B but not CDC25C phosabes showed to cooperate
with either mutated HRAS gene or loss of RB1 inagremic focus formation in MEFS.
CDC25A-homozygous (-/-) was lethal utero.”®This lethal phenotype is in sharp
contrast with viable CDC25B (-/-) and CDC25C (#fiice with limited developmental
defects’®In addition, CDC25A and not CDC25B or CDC25C wasvsh to be critical for
mitosis>°

Recent studies on roles of the checkpoint pathwaggest that genomic instability
caused by checkpoint defects could be a major nmesineof tumor initiation and
progression>>°lIt is believed that over expression of CDC25A deslhe bypass of
normal cell cycle checkpoints inducing genomicabdity, a hallmark of cancer’These
studies suggest that cells must control CDC25Al¢ewghin an appropriate range so that
the coordination of cell cycle progression and &pemt response is maintaindelurther
investigations are needed to fully understand #tbgphysiologic roles of the CHK1-
CDC25A checkpoint pathway in OSCC and NSCLC fotdyduture target based

therapeutic desigms.
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Chapter Il

EZH2 Promotes Cell Cycle Progression in Oral Leukolakia and Non-Small Cell
Lung Cancer andls a Predictor of Oral Cancer Development in Patiets with Oral

Leukoplakia
ABSTRACT:

Oral leukoplakia (OL) is the most common premaligrain the oral cavity.
However, only a small proportion of OLs progressital squamous cell carcinoma
(OSCC). For assessing OSCC risk of OLs, we invattjthe role of the transcriptional
repressor, enhancer of Zeste homolog 2 (EZH2)rahtomorigenesis and its clinical
implication as an OSCC risk predictor. We also stigated EZH2 as a prognostic factor
in lung cancer, the most common cause of canceh déth a dismal 16% 5-year
survival rate. Immunohistochemistry was used tosusaEZH2 expression in OLs of 76
patients including 37 later developed OSCC andi@8dt, as well as in 94 stage |
NSCLC patients. EZH2 expression levels were astatiaith clinicopathologic
parameters and clinical outcomes. EZH2 level wdaaed using EZH2 siRNAs in Leuk-
1 cells to determine its impact in cell cycle dlmition, anchorage dependent-
independent growth, and invasion. Also reductioBBH2 level in relation to cell cycle
regualtors was analysed in Leuk-1 as well as in-NC299. We observed strong EZH2
expression in 34 (45%), moderate expression irB2&oj, and weak/no expression in 16
(21%) of the OLs. The higher EZH2 levels were ggigrassociated with dysplasia
(P<.001) and OSCC developmem(0001). Multivariate analysis indicated that EZH2
expression was the only independent factor for O8&&lopmentH<.0001). At 5 years

after diagnosis, 80% patients whose OLs expredsendgsEZH2 developed OSCC
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whereas only 24% patients with moderate and notteweak/no EZH2 expression did
so (P<.0001). In Leuk-1 cells, EZH2 down-regulation résdi in G1 arrest; decreased
invasion capability, anchorage independent grodtiwn-regulation of cyclin D1 and
up-regulation of p18%“®.In NSCLC, EZH2>Median expression correlated with poor
patient survivalln vitro, EZH2 down regulation in NCI-H1299 correlated wirthibitory
phosphorylation of CDK1/2 at Tyrl5 and decreasena@ton phosphorylation of Chkl
at ser345. In conclusion, EZH2 plays a signifiaahe in cell cycle deregulation in
epithelial malignancies of the aerodigestive traag important in the maligant
transformation and the maintaince of transformatesin OL and NSCLC, respectively,
EZH2 is a promising biomarker in predicting OSC€krand a suggestive therapeutic

target for patients with high risk OLs as well aSGLC patients.
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Introduction:

Oral Leukoplakia (OL) represents the most commah mrecancerous condition.
However, only a small proportion of OLs transfomtoi oral squamous cell carcinoma
(OSCC)! OL is a clinical term to describe lesions thatser& as a white patch and
cannot be characterized clinically or histologigas any other disease. Histologically,
OL has a wide spectrum, ranges from simple hypat&sis to severe dysplasia or
carcinoma in situ. Each clinical appearance or @lod©L has different transformation
potential ranging from 1% to 47% in different sesfi Malignant transformation often
occurs several years after the onset of the wiatgues but it can also occur within just
few months or in decadés’

The prediction of OL’s malignant potential is umable in current clinical practice.
The histopathological grading of dysplasia is $ti# most contemporary method to
assess the malignant potentials in patients withy@tthis method is subjective and the
clinical decisions based on the method are nasfaatory>® Considering the high
morbidity and mortality associated with OSCC, thegan challenges are to identify OLs
with higher risk for OSCC development independdmtysplastic changes and to reveal
molecular targets which may be regulated to pre@$EC developmerit.

NSCLC represents more than 80% of lung cancerremains to be a fatal disease
with dismal prognosi&éDespite advances in combined treatment modalttiesate of
survival has not changed for the last three decaddsemains to be number one cause of
cancer death worldwide. There is an urge for idieation of novel molecular targets that

might open new therapeutic avenues and improvenpsig in NSCLC patients.
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Development of OSCC and NSCLC is evolutionary amaracterized by multistep
carcinogenic processes, in which activation of gec@s and inactivation of tumor
suppressor genes are the key features leadingrialaxpansion and malignant
transformation of normal epithelial ceffSEnhancer of Zeste Homolog 2 (EZHZ2) is the
catalytic subunit of Polycomb Repressive CompléRRC?2), a highly conserved histone
methyltransferase that methylates lysine-27 obnistH3 (H3-K27)*H3-K27
methylation is commonly associated with DNA metkigia and silencing of genes
responsible for differentiation in organisms ramgirom plants to flies to humans.
Studies have implicated EZH2 in cell cycle reguiatand maintenance of adult stem cell
population™® Although the mechanistic contributions of EZH2 twogenesis and cancer
progression are not yet fully characterized, fuora links between EZH2-mediated
histone methylation and DNA methylation in normaldlopment suggest partnership of
these two in the loss of the expression of tusumpressor'**Overexpression of
EZH2 has been observed in several human cances typleding OSCC and NSCLC
suggesting that EZH2 is an oncogene that playeinobral and lung tumorigenesfs:®

In this study, we tested a hypothesis that EZHR/aiwbn is critical in malignant
transformation of oral epithelial cells, and mageeas an indicator to predict OSCC risk
in patients with OLsln vitro experimental systems as well as OL samples wittiicel
annotations and OSCC outcomes were used. Alsogsted the prognostic value of
EZH2 expression in frankly developed malignancyNBICLC patients, as well as
investigated the underlying molecular mechanismvhich EZH2 contribute to cell cycle

deregulation in NSCLC.
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Patients and Methods:
Patients and Specimens:

OL patients were selected from an archival databased on clinical diagnosis of
OL from the period of 1993 through 2006 with follmyp information and available
surgical biopsy samples at the time of diagnosthénDepartment of Pathology and the
Department of Oral and Maxillofacial Surgery, SchafoStomatology, Shanghai Jiao
Tong University School of Medicine, Shanghai, Chi®a OL patients who later
developed OSCC were identified. Additional 39 Otigrats who did not develop OSCC
during the follow-up were selected from a largeolpaf patients in the database. Paraffin
tissue blocks were retrieved and sections were rftadbe proposed study. One of the
tissue sections from each patient was stained Métimatoxylin and Eosin (H&E) was
further examined to verify histopathology diagndse$ore immunohistochemitry
analysis.

In addition, Ninety-four patients with histologilyaconfirmed NSCLC were
included in this study. All of the patients werade | and treated by curative surgical
resection in the University of Texas M. D. Andergtencer Center. The specimens were
obtained as paraffin embedded and the collectidghetpecimens was approved by the
Institutional Review Board's Surveillance Committiene of the patients received
chemotherapy before the surgery.
| mmunohistochemistry:

Formalin-fixed, paraffin-embedded tissue, wereiotd 4pum tissue sections. The
avidin-biotin complex (ABC) technique was done daling Vectastatin elite ABC kit

(Vector laboratories, Burlingame, CA). Briefly,gige sections were deparaffinized in
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xylene, rehydrated in graded ethanol, treated Witb-EDTA buffer for antigen retrieval,
and quenched in hydrogen peroxide. Tissue sectvens blocked with 2.5% normal
serum, incubated overnight at 4°C with primary laadiy (1:200) followed by
biotinylated secondary antibody then ABC reagemninobenzidine was used as
chromogen, and counterstained with Mayer’s hemaitoxyhe EZH2 labeling index (LI)
was defined semi-quantitatively as the intensitgtaining (0,1, 2, 3) multiplied by the
percentage (25%, 50%, 75%) of positive epithehalkness in OL or tumor tissue in
NSCLC, defining the quartiles of the EZH2 LI &5, 100 and 150- 225, respectively,
as the weighted mean of cells displaying nucleanumoreactivity and given the scores:
weak (0-1), moderate (2) and strong 3T he final index of each lesion was the average
of indices generated by three observers blindeddalinical information. Representative
samples of each EZH2 LI were analyzed by Aperiogen8cope software.
Cell culture

OL cell line (Leuk-1}®and Hyperplastic Bronchial Epithelial cells (HBEEsyere
cultured in Keratinocyte Serum-Free Medium (KSRwa5ug/mL Bovine Pituitary
Extract (BPE) and 0.2 ng/ml Recombinant Epidermaiv@h Factor (rEGF) (Invitrogen,
Carlsbad, CA)NSCLC cell lines (H157, H226, H292, H358, H460, A52549, H596,
H1299, H1792, H1944, Calu-1, and SK-Mes-1) usettiénstudy were obtained from
American Type Culture Collection (Manassas, VA) argte grown in RPMI-1640
media with 10% fetal bovine serum (Mediatech, MaaasVA ).
Western Blot Analysis and Antibodies

Cells were harvested in RIPA buffer (Sigma Aldrigh, Louis, MO). Whole cell

lysate was separated in SDS-PAGE. Primary antisaalyainst EZH2 (clone 11, BD
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Transduction Laboratories, San Jose, CA), cyclindytlin D3, p16'<**, p158N“®,
p27%1 CDK4, CDK6, phospho CDK1 (Tyr 15) and phospho Cléer345) (Cell
Signaling Biotechnology, Danvers, MA) were usedn@awere quantified using the
Image J processing and analysis soft ware. GAPDH aitdbulin antibody (Santa Cruz
Biotechnology Inc, Santa Cruz, CA) were used taradize protein loading.
SIRNA Knockdown of EZH2 Expression

Two anti-EZH2 siRNA, targeting the two splicing \aats of EZH2, and scrambled
control siRNA, were purchased from (Ambion Inc, AasTX). The anti-EZH2 siRNA
sequences were 5-GCUGACCAUUGGGACAGUATT-3' for (d#4916) and 5'-
GUGUAUGAGUUUAGAGUCATT-3' for (siRNA-4917). In vitrdransient transfection
was carried out using Lipofectamine 2000 (Invitnog€arlsbad, CA) following
manufacturer’s protocol.
Cdll cycle analysis

Leuk-1 cells were harvested, fixed in 70% ethasa$pended in PI/RNase staining
Buffer (BD Pharmingeh’, San Jose, CA) containing 0.1% Sodium CitrateGathélo
Triton X-100. Data acquisition and analysis weraelm University of Maryland
Baltimore Medical Center, Flow Cytometry Core andlsized with FlowJo software.
Cell Proliferation Assay

Cell viability of Leuk-1 cells transfected with E2HiRNA was measured every 24
hours for 6 days using the Cell Proliferation Rea@§ST-1 (Roche Diagnostics
Corporation, Indianapolis, IN). The experiment wagependently repeated 3 times.

Anchorage-independent Growth Assay
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24 hours after EZH2 siRNA transfection, cells iB3% agarose with KSF, eEGF
and BPE media were plated on the top of existibg§dhottom agarose in triplicates for
each treatment condition for 3 weeks. Cell colom@d mm in diameter were counted
under a microscopic field at 40x magnification. Meavere based on numbers from
triplicate wells for each treatment condition.

In Vitro Cell Invasion Assay

BD BioCoat Matrigel invasion chambers (BD BiosciescSan Jose, CA) were used.
EZH2 siRNA transfected leuk-1 cells were grownha tipper chamber in KSF media
without rEGF and BPE, while KSF media with rEGF &RE was placed in the lower
chamber. Cells on the lower surface of the membwaere fixed in 4%
paraformaldehyde and stained with 0.5% crystaletid@ells in at least 6 random
microscopic fields 100x were counted. The expertmes performed in duplicates and
repeated 3 times.

Satistical Analysis

For the OL series of study the Event Free sur(iZz&lS) “OSCC free survival” was
the outcome variable. The independent variable E€kiizession status and its
interaction with histology and EFS were estimatgdhe Kaplan-Meier method. The log-
rank test was used for univariate associationsdmtviEZH2 expression status and EFS,
and individual patient characteristics and EFS. ERS8 rates at years 3 and 5 with their
corresponding 95% confidence intervals (Cl) weleuwtated. The associations between
EZH2 expression status and patient characteristce evaluated using Fisher Exact test
for categorical variables and Kruskal-Wallis testdontinuous variable$he

independence of each of those associations frohtanaer status was evaluated using
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Cochran Mantel-Haenszel test. Cox proportional rezeodel was used for multivariate
analyses. The hazard ratios with their correspanéls?o confidence intervals and p-
values were reported. For the NSCLC series of sKaplan-Meier plot, log-rank test
and Wilcoxon statistical values were used to dei2d¢42 correlation with disease free
survival (DFS). All the analyses were conductech@$SAS 9.1.3 software. All tests were
two-sided, and p-values <.05 were considered 8tatily significant. Paired test was

used for analysis of the vitro studies.
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Results:

Patients with OL

To determine whether EZH2 is abnormally expreseeddinical OL samples and
whether such abnormal expression associates wi@GJd&k in patients with OL, we
assembled a cohort consisted of 76 OL patientshaldono prior cancer history from a
single hospital. Among these patients, 37 (49%etmed OSCC after the initial OL
diagnosis with median time from the initial diagiso® OSCC development of 2 years,
whereas 39 (51%) remained OSCC free with a meadiéow-up time of 11.4 years. The
general characteristics of the patient populatienpgesented (Table 1 and Appendix I).
Correlation between the clinical parameters and Egkpression within the two selected
groups (group developed OSCC and did not develogp@Swas excluded as it was
statistically insignificant except for dysplasiap@endix I).
EZH2 expression in OL and clinicopathological parameters

EZH2 expression was mainly observed as nucleah, eytioplasmic staining
observed in some cases. The intensity of EZH2 ssjoe in the OLs ranged from
negative to strongly positive and the extent of R&kpression ranged from being
limited only to basal layer or observed in fullakmess of the epithelium (Figure 1).

Among the OL lesions, 34 (45%) showed strong EZtdthing, 26 (34%) showed
moderate EZH2 staining, and 16 (21%) showed noeatkviEZH?2 staining (Table 1).
Correlation of EZH2 staining levels with clinicopatogical variants showed significant
association with the degree of dysplagta<(.001) as well as with high risk are#s<(04)

(Table 1).
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Figurel. Immunohistochemical Expression of EZHDInTissue Samples: Nuclear expression
of EZH2 correlated with the degree of dysplasia,dagree of dysplasia increasing from (i) to
(iif). EZH2 scored as weak (i & iv), moderate (ii\g, and strong (iii & vi) (40x).

Table 1. Association between EZH2 expressionpatignt characteristics.

EZH2 Expression

No. of
Characteristic . Weak (0-1) Moderate (2)  Strong(3)
Patients
Mo. % Mo. % No. %
All patients 76 16 21 26 34 24 45
Age, years
551+13.6 52.4+11.1 52.7+£13.6 58.1+14.3
Mean £5D
. 53.5 53.5 51.5 59.0 .24
IMedian
. . 25.0,82.0 28.0,76.0 25.0,80.0 28.0,82.0
Minimum, maximum
Age grou
9e g P a7 11 24 18 38 18 38
<60 years A0
29 5 17 8 28 16 55
260 years
Sex
34 5 15 13 38 16 47
Female A8
42 11 26 13 31 18 43
IMale
H[;Stollogy 57 6 11 21 37 20 53 <001
i 19 10 53 5 26 4 n
Other
Anatomic Site
. 31 11 35 9 29 11 35
Low risk areas .04
= : 45 5 11 17 38 25 51
High risk areas
Smoking Status
ers 8 14 4 28 5 36 5 36
Mo 51 bid 16 17 33 26 51 A5
11 4 36 4 36 3 28
Unknown
Alcohol ConsumptionStatus
Yes 17 (i} 35 b 35 5 30
Mo 48 6 13 16 33 26 54 .09
11 4 36 4 36 3 28
Unknown

Abbreviations: SD, standard deviation; P, p-value of the Kruskal-Wallis test for
age as a numeric variable and that of Fisher’'s Exact test for age group and other

variables. Low risk areas: buccal mucosa, labial mucosa, gingiva, and palate.
High risk areas: floor of mouth, lateral and ventral tongue.
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EZH2 expression in OL and OSCC devel opment

To determine the role of EZH2 expression in OSCC development, we analyzed
OSCC-Freesurvival probability, defined as years from time of diagnosis of OL to time of
diagnosis of OSCC, in correlation to EZH2 expression in OLs. We found that EZH2
expression was strongly associated with OSCC-Free survival in an expression level

dependent manneP .0001 by Log-Rank test; Figure 2).
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Figure 2: Kaplan Meier curve analysis of EZH2 expression and OSCC development. (A)
EZH2 expression in correlation with OSCC free survival. (B)EZH2 expression correlates
with OSCC onset independent of dysplasia. EZH2 LI (weak, moderate, strong).Other:
refers to histological features other than dysplasia.
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In the univariate analysis, we analyzed the assonibetween the potential risk
factors including EZH2 expression and OSCC develpmt 3-years and 5-years after
OL diagnosis. Both EZH2 expression and OL histolagye significantly associated
with OSCC incidenced?(< .0001 andP < .01, respectively; Table 2). At 5-years, none of
the 16 patients whose lesions showed no or weak2Egression developed OSCC
whereas 6(24%) of the moderate and 28 (80%) oftitemg, EZH2 expressing OLs
developed OSC(P(< .0001). Because EZH2 expression was also assedaiath
dysplasia status of OLs and dysplasia was assdamtke OSCC incidences in the
univariate analysis (Table 2), we performed a naattate analysis to include both EZH2
expression and histology as co-factors. In thidysma(N=76), we found that EZH2
expression was the only independent factor assataith OSCC developmer® €
.0001). We also performed the multivariant analysisiclude EZH2 expression,
histology and alcohol status since it was assogvgte OSCC onset (N=53). Again
EZH2 was the only independent factor associateld @8CC developmenP£.0001)
(Table 3). This demonstrates the significance aflEAs a molecular marker over

histology in predicting the risk of OSCC developmen
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Table 2.3-year and 5-year OSCC-Free survival tayaadividual risk factor (N=76).

Characteristic 3-yrEFS

Rate {%)+SE
All patients 636
EZH2 expression
100+0
Weak -
Moderate
; 3248
Strong
Age
+
-
>=60 o
Sex
5649
Female i
Male
Histolo
QV 5647
Dysplasia Sirn
Other
Anatomic Site
" 68+8
Low risk areas 047
High risk areas
Smoking Status”
Yes 64+13
Mo 5747
Unknown
Alcohol Status*
Yes 76+10
No 5247

Unknown

5-yr EFS
Rate {%)4+5E
56+6
1000

7649
2047

59+7
5149

46+9
6447

467
8448

68+8
4848

64+13
467

7610
417

<.0001

.28

15

=01

A7

.66

.05

Abbreviations: EFS, event free survival (OSCC-free survival);
SE, standard error; P, p-value ofthe log-rank sum test overall.
*There were 11 cases whose Smoking status and Alcohol
consumption status unknown, for which the sample size is 65

instead of 76.

Table 3.Cox proportional hazards regression madedstimating OSCC development:

Characteristic P
EZH2 expression
Weak**
Moderate

Strong

<.0001

Histology
Dysplasia 88
QOther

Alcohol status
No G
Yes

Hazard ratio

NA
A7
1.00

1.08
1.00

1.97
1.00

95% Cl

NA
.07to .41

.36t03.26

.75t05.16

*The Cox proportional hazards regression model excluded 23 cases that either

missed alcohol status or had ‘weak’ as EZH2 expression level.

** The hazard ratio for the Weak EZH2 expression group was not calculated
becauseall cases in that group were censored
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EZH2 and cell cycleregulation in OL cells

To explore the underlying mechanism by which EZId@tabute to OSCC
tumorigenesisye investigated the possibility that EZH2 may madieiicell cycle
deregulation during progression of oral premaligiyato OSCC. We used EZH2-siRNAs
(si-4916 and si-4917) to specifically down-regula#H?2 expression levels in an OL cell
line, Leuk-1. At 72 h after EZH2-siRNA treatmenguk-1 cells showed reduced EZH2
levels associated with lower proliferation andirmreased fraction in G1 phase (G1
arrest) (Figure 3A). In an effort to identify thetpntial molecular mechanism underlying
the G1 cell cycle arrest by EZH2 down-regulatior, weasured a panel of key proteins
involved in G1 phase regulation using western ligttAt 48h after EZH2-siRNA
treatment, levels of cyclin D1 (CCND1) were sigesintly reduced while on the other
hand p1%™““E levels were increased (Figure 3B). No change wasmied for cyclin D3,
p16™K*A p27KP CDK4, and CDK6 expression levels (Figure 3B).sTdhata suggests
that EZH2 can play an early role, promoting cettleyprogression in oral premalignancy

through modulating p1%“® and CCND1.
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Figure 3. EZH2 and cell cycle regulation in OL cells. A. Cell cycle analysis of EZH2
inhibition (si-4916 and si-4917) shows increase in the G1 phase popuRdi@i{04).
B. Immunoblot shows significant decrease in cyclinD1 and increase H“§16pon
EZh2 irhibition compared to the scrambled si-RNA.
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EZH2 and malignant featuresin OL cells

Our findings that EZH2 can promote cell cycle pesgion in Leuk-1 cells, coupled
with the fact that EZH2 expression was linked vator prognosis of OSCC as well as
in other malignancie¥,*®*made us believe EZH2 played a role in malignant
transformation of OL cells. . To test this, we exded anchorage-dependent and
anchorage-independent growth of Leuk-1 cell, andsion through ECM. The
proliferation of Leuk-1 cells cultured on plastiorface was significantly reduced by the
down-regulation of EZH2 level in a dose-dependeahner compared to the cells treated
with scrambled si-RNA (Figure 4A). We then analyzieel effect of EZH2 down-
regulation in anchorage-independent growth usirfigegmar colony formation assay.
Leuk-1 cells treated with EZH2-siRNAs showed sigraihtly reduced capability to form
colonies in soft agar (Figure 4B). In addition,HEZSIRNA treated cells exhibited a
significantly reduced invasion capability throug&M as measured by using matrigel
coated invasion chamber (Figure 3C). These findingsldition to our data from the
patients with OL suggest EZH2 to be critical foogression of OL to invasive

carcinoma.
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EZH2 expression in NSCLC and clinicopathological parameters:

To assess EZH2 expression in developed malignaveynvestigated EZH2
expression in 94 NSCLC samples. The samples indld8g46%) adenocarcinoma, 51
(54%) squamous cell carcinoma of the lung. The naggnwas 63 years (ranges 37-
82ys), with 49 %< 63 years and 51% more than 683y% showed EZH2 LI < median
and 50% EZH2 median expression.

As expected, EZH2 antibody showed mainly nucleactivity. The intensity of
staining varied within each histological groupSEC of the lung the intensity and extent
of staining was minimal in well differentiated S@@d highest in poorly differentiated
SCC. In the adenocarcinoma group the intensityeaeht of staining was variable, with
the invasive bronchioalveolar showing remarkablgnbgenous increase in nuclear
intensity and extent of staining compared to noasme. Interestingly, the cells
surrounding and invading blood vessels showed gtpositivity (Figure 5A).

We investigated the correlation between the intgrgiEZH2 staining and patients’
disease free survival (DFS). EZH2 X Imedian was correlated with less disease free
survival time compared to EZH2 LI < median (Log-R&%¥.1 and wilcoxorP=.07)

(Figure 3B).
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EZH2 and cell cycle regulatorsin H1299:

The expression of EZH2 was abundant in NSCLC cell lines. So we investigated the
effect of EZH2 inhibition in NCI-H1299 in correlation to cell cycle regulators. Indeed,
EZH2 inhibition correlated directly with cyclin D1 inhibition and upregulation of
p15N** “as well as increased inhibitory phosphorylation of CDK1/2 Tyr 15, and
deaeased CHK1ser-345 phosphorylation.CDC25A also showed increase upon inhibition

of EZH2 but was not consistent with the extent of inhibition of EZH2 (Figure 6).
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Figure 6. Downregulation of EZH2 in NCI-H1299 and cell cycle regulators of G1/S
phase.
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Discussion:

Molecular-based models for OSCC and NSCLC developnvere proposed in
literature, which includes deregulation of cell leyproteins:” 22*CCND1 is one of the
proteins frequently upregulated in oral premalignes leading to increased risk of
OSCC development, as well as reported to be coecklaith poor prognosis in
NSCLC?* % Although CCND1 gene may be amplified in oral tuigenesis and
NSCLC, overexpression of CCND1 is also observedlis—OSCCs and in NSCLC
without the gene amplificatioff:**?°It has been reported that high EZH2 expression is
associated with up-regulation of CCNilgastric cancer, whereas pharmacological
inhibition of EZH2 leads to down-regulation of CCMIh skin cancef®?’ Our
observation that EZH2 down-regulation resultedenrdased CCND1 expression in OL
and NSCLC cells is consistent with the previousorep a crucial cell cycle inhibitor and
tumor supressor, pf%“*® expression is induced during cellular differentiaging and
senescence; (need ref) and are oftern compromms®ils and NSCLC through promoter
methylation.(ref) EZH2 has been shown to directptrol the expression of p15 in the
former process. It is possible that dysregul&gt2 in OLs and NSCLCs could
contributed to the down-regulation of p15 expressimdeed, we observed in our study
an increase in p1%“? expression in OL and NSCLC cells associated wihE down-
regulation.

Furthermore, we observed, that inhibition of EZIH241299 is correlated with
increased inhibitory phosphorylation of CDK1/2 315, the kinases responsible for
transition from G1 to S and G2 to M phases withcoonitant decrease in activating
phosphorylation of the DNA damage response (DDRkeraChk1 at ser345. Suggesting

that EZH2 accelerates cell cycle in H1299 and tiiatactivity is sensed by the DDR
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element Chkl1. Our observation revealed, for thet fime, a role for EZH2 in DNA
damage response. In addition, the effect of EZHZOK1/2 t seems to be independent
of CDC25A, one of the best known CDK activatdte®since the increase in pCDK tyrl5
was not consistant with the degree of CDC25A, btltar directly correlated with ezh2
knock-down.

It is of particular interest to note that EZH2 danactivated by HPV E7 oncoprotein
in cervical tumorigenesi§Although the role of HPV in oral tumorigenesis mas been
well elucidated, HPV infection has been causuatiydd to development of
oropharygneal squamous cell carcinoma in an al@t gatients.This opens a
possibility that HPV may be involved in early ogald lung tumorigenesis through
activation of EZH2 which warrants further investiga. %%

The strong association between EZH2 expressiorLgdadd OSCC development is
interesting and provocative. For practical reassanalyzed OSCC incidences at 3 and
5 years after OL diagnosis to provide informatiegarding the potential impact of EZH2
as a predictive marker in OSCC risk assessmentsi@enrng 80% patients with strong
EZH2 expression OLs developed OSCC in 5 years vasarene with weak expression
and 24% with moderate expression, EZH2 is one@b#st single markers with potential
to predict oral cancer risk for patients with Olveereported in literatur. It is
important to note that EZH2 expression is assogiatiéh dysplasia histology but such
association was dependent on EZH2 expressionnmstef relationship with OSCC
development as evidenced in our multivariate amalyfsable 3). Given the biological
roles of EZH2 in gene regulation and tumorigenebiserved by us and othérghis

clinical observation is biologically supported. $ié also supported by our findings in
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NSCLC that show consistent correlation betweemgti&ZH2 expression and shorter
DFES time which is in accordance with what has lreported before. Indicating that
EZH2 plays a role in maintaining malignant phenes/

However, the current OL study has several limitagidirst, it is a retrospective
case-control study, which artificially enriched {@portion of patients who later
developed OSCC and therefore may over estimatpréuictive value of the biomarker.
Second, the OL study is based on a Chinese populatia single hospital. Considering
various genetic and environmental factors thatamanribute to oral tumorigenesis, our
findings in this population may have a limited imgption in other populations at
different geographic locations with various gené@ckgrounds. Therefore, additional
studies are necessary to validate these findingssing OL samples obtained
prospectively in different geographic locations dmin populations with various genetic
backgrounds. Also a limitation of our study on N&LCiks that the samples are
representative of only Stage | NSCLC and futuréissiincluding samples of other
clinical stages would be of significant importamevertheless, in this study we
identified, for the first time, EZH2 expressionasindependent predictor for OSCC
development in patients with OLs and provided emide support the biological link
between EZH2 and cell proliferation and invasio®in cells. If validated in future
studies, EZH2 may serve as a biomarker for orat@ansk assessment of patients with
OLs, and as a potential target for oral cancer dpgavention, as well as confirm the
prognostic role of EZH2 in NSCLC. Taken together;, data in OL and NSCLC supports
a significant role for EZH2 in cell cycle deregudet in epithelial malignancies of the

aerodigestive tract.
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Chapter Il
Single Amino Acid Deletion Q110 Confers More Protei Stability and Functional
Activity of CDC25A

ABSTRACT:

CDC25A is a member of the CDC25 phosphatase faamtyis an effector of key
molecular steps of the cell cycle with significamicogenic potential. Resolving the
mechanism of its regulation is essential for susftgésherapeutic targeting of CDC25A
and for proper modulation of its level of inhibitioTo test the hypothesis that
deregulation of CDC25A in malignancy can occura@tfranscriptional level during
MRNA splicing, we carried out a mutational analy#i€DC25A on cDNA level. We
identified a novel triplicate nucleotide deletioAG (328-30) in NSCLC that
corresponds to single amino acid deletion (Q110deHEK-293F cells, flow cytometry
analysis showed quantitatively that CDC25A-Q11@deifers more protein stability than
CDC25A-wt P<.05). On functional level, cell cycle analysis sleadl CDC25A-Q110del
to accelerate post G2 phas&(01) , confocal microscopy showed more mitotigwiyt
of CDC25A-Q110del expressing cells, and immunobigtsuggested more activation
dephosphorylation of the downstream substrate plaf3pK1-Tyrl5, compared to the
CDC25A-wt isoform. Collectively this data sugge®2C25A-Q110del facilitate
bypassing the mitotic checkpoint. Furthermore, CB&Z)110del showed more stability
in H1299 NSCLC cells after UV radiation which inécmore DNA Damage Response

(DDR) as indicated by increased phosphoChk1-ser345.
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This data reveals a novel mechanism of stabilinadfiocCDC25A expression, with
subsequent progression of mitosis and accumulati@NA damage in NSCLCs. This is
a major contribution to the mechanism of deregafatf CDC25A at posttranscriptional

level that can help in developing better futuraapeutic strategies targeting CDC25A in

NSCLC.
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Introduction:

Lung cancer remains the leading cause of malignagleyed deaths worldwide
regardless of advances in therapeutic modalfitiéSCLC is the result of deregulation of
several cellular pathways controlling growth, diéfietiation, and apoptosi€Over the
past few years, several cell-cycle regulators pleat a critical role in the pathogenesis,
and progression of lung cancer were investigatedlaa ability of lung cancer cells to
bypass different checkpoints, especially at G1/$@#2/M with subsequent uncontrolled
cellular proliferation was described by severahaw>*>

Cell cycle promoters play a major role in drivifg twheel towards cell cycle
progression, check point bypass, impaired DNA re@ad accumulation of genetic
damageEvidence in literature suggests Cell Division Cy2%A (CDC25A) as a critical
and ubiquitous cell cycle promoter present in alaryotes except plants’CDC25A
phosphatase regulates key transitions betweegy®# phases during normal cell
division, and in the event of DNA damage is a kak bf the checkpoint machinery that
ensures genetic stabilify.

CDC25A is a labile protein, tightly regulated thgbuseveral phosphorylation events
in the regulatory domain, and plays a key roledtivation of cyclin dependent kinases
(CDKs) the main gate keepers of cell cycle progoesCHK1 mediates degradation of
the CDC25A through series of phosphorylation evémslead to S or G2 phase arrest in
response to chemically, UV or ionizing radiatiomkiced DNA damag® **The
Chk1/CDC25A/CDK pathway represent a fundamentaliéato halt cells bearing
chromosomal abnormalities from proceeding througlhaycle!? CDC25A regulate

different stages of mitosis in coordination with CZbB and CDC25C. Yet, new
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evidence points CDC25A out as a rebel in the CDgIi®&sphatase family, required for
full activation of nuclear CDK1/Cyclin B and exeimrt of mitosis’**

It is not surprising that CDC25A overexpression basn described in several
human malignancies including NSCLC, head and nacker, as well as other
malignancies®**et, the mechanism of CDC25A overexpression in gmalincies
remains unclear despite many attempts to sheddigliis important question, and its
further elucidation may reveal novel anticancegets'”

Studies from colorectal, non-Hodgkin's lymphoma QL& and ovarian cancers
shows that neither gene amplification nor c-Mycrexeression is the cause of CDC25A
overexpression®*®?°The lack of significant correlation between traistcand protein
levels suggest that CDC25A level is modulated attpanscriptioanl level, ie pre-RNA
splicing, RNA stability, translation efficiency, @protein degradatioff:?®

Here we test the hypothesis that deregulation o€2%A in NSCLC could occur
during mRNA splicing, producing transcript variattat translate to a differentially
more stable CDC25A isoform.

To discover the mechanism behind CDC25A over egovasn NSCLC, we cloned
and sequenced cDNA from NSCLC cell lines. We foambvel single amino acid
deletion (CDC25A-Q110del) present in a represergatumber of NSCLC cell lines. We

analyzed its effect on the expression level of CB&2
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Materials and methods:

Tissue culture and Cell lines

NSCLC cell lines obtained from ATCC (Manassas,VREI-H157, NCI-H226,
NCI-H292, NCI-H358, NCI-H460, NCI-H522, A549, NCI1896, NCI-H1299, NC1-
H1792, NCI-H1944, calu-1, sk-mes-1 were grown in EM11g/l glucose, L-glutamine,
sodium pyruvate and 5% Fetal calf serum (FCS).$ixde™293-F Cells (Invitrogen,
Carlsbad, CA) for adherent cells were grown in DMENM g/l glucose in 5% FCS
(Media Tech, Inc, Manassas, VA). Plasmid transtectvas performed using
lipofectamine 2000 following manufacturer instrocis (Invitrogen, Carlsbad, CA).
FreeStyle™293-F Cells stably expressing CDC25A0is06 were selected by limited
dilution using Blasticidin.
Western Blot, Antibodies and Reagents

Cells were harvested in RIPA buffer (Sigma Aldrish,Louis, MO) or 1% triton

X-100 with protease inhibitor (Complete Proteadsditor, Roche Bioscience). Whole
cell lysates were separated in SDS-PAGE. Primatip@dies CDC25A (144), CDC25A
(F-6), cdcp34 (CDK1), Chkl, GAPDH (Santa Cruz Bobteology Inc, Santa Cruz, CA),
phospho-Chk1 (Ser345) (Cell Signaling Biotechnoldggnvers, MA), phospho-CDK1
(Tyrl5) (Calbiochem EMD chemicals Inc, Gibbstowrd)Mere used. Cell pellet of 10ul
was used for NE-PER Nuclear and Cytoplasmic extnaceagents (Pierce Biotech,
Rockford, IL) and Cyclohexamide (sigma-Aldrich In8t. Louis, MO) was reconstituted

in DMSO.
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RNA extraction and RT-PCR

Total RNA was extracted by TRIzol reagent, cDNA waserated from 5 ug RNA,
with the SuperScript reverse transcriptase fronSigerScript Il First- Strand Synthesis
System for Reverse Transcription-PCR (RT-PCR)pfeihg manufacturer’s instructions
(Invitrogen,Carlsbad,CA).
Mutational analysis and restriction enzyme digestion

Full length CDC25A cDNA was amplified from the 12ntioned NSCLC cell lines,
and subcloned into pEGFP-N1 GenBank: U55762.1torp&F6/V5 His (Invitrogen,
Carlsbad, CA). The primer sequences containin@tdraH1 and Agel sites were forward
5-GTTGGATCCATGGAACTGGGCCCGGAG-‘3and reverse
5-'GTAACCGGTTCAGAGCTTCTTCAGACGACTGTACAT-3 The expression
plasmid was cloned using competent Topo cells ahBNA ligase (Invitrogen,
Carlsbad, CA). Sequence analysis was done at tffeveht facilities to verify our
findings: University of Maryland Baltimore sequemgifacility and Genewiz Inc. (South
Plainfield, NJ). Alignment was verified against CEEA genebank accession number
(NM_001789.2). The CDC25A wt and CDC25AQ110-del édbdequences used for the
functional assays were amplified from sk-mes-1 A8d9 NSCLC cell lines,
respectively (Appendix Il A-D). For enzymatic digjes, the restriction endonuclease
enzyme BpulOl (NEW ENGLAND Biolabs Inc, Ipswich, N#vas used to digest a ~
292bp template, amplified using primers: forwatd 5
CACTGGAGGTGAAGAACAACAG-3 and reverse's
CAGCCACGAGATACAGGTCTTA-3, the digestion product was run on Agarose gel or

DNA-PAGE.
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UV irradiation assay:

For cell culture UV treatment, the culture medisswemoved, cells were washed
twice with phosphate-buffered saline (PBS), antsagére irradiated in uncovered tissue
culture dishes with 254-nm UV light (UVC) in Stritéer UV Crosslinker (Stratagene,
La Jolla, CA). Fresh culture medium was added bawd,cells were further incubated
for the described time point.

Cdll cycleanalysis:

Cells were harvested, fixed in 70% ethanol, suspemal PI/RNase staining Buffer
(BD Pharmingef”, San Jose, CA) containing 0.1% Sodium CitrateGatéo Triton X-
100. Data analysis was done in University of Mamgl®altimore Medical Center, Flow
Cytometry Core and analyzed with FlowJo software.

Imaging analysis:

CDC25A-GFP and CDC25A-mcherry expression in H1202938F cells was
viewed with a phase contrast microscope Nikon EelipE 2000-s connected to a Nikon
digital camera. The image analysis was done usimagjing software NIS-Elements 2.30.
For the confocal imaging analysis 293F cells grgwimchamber slides (Lab-T&,
Rochester, NY ) were fixed in 2% paraformaldehymmeabilized with 0.5% tritonX-
100, stained with DAPI, cover slipped and visualizsing DAPI, FITC and Rhodamine
fiters using Zeiss LSM 510 Meta Laser Scanning Goalf Microscope at the Dental
school University of Maryland Baltimore Core imagjifacility.

Satistical analysis:

Student-test was used for statistical analysis of the fionetl assays.
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Results:

| dentification of CDC25A-Q110del isoformin NSCLC:

To investigate whether there is a mutational cafigelc25a overexpression we
cloned and sequenced CDC25A mRNA from a panel @INScell lines. A CAG
trinucleotide deletion was discovered in 50% of@HeNA clones. The location of the
deletion is at nucleotide 328-30 in reference to NI®IL789.2, which corresponds to
glutamine 110 in NP_001780.2. (CDC25A-Q110del fadter) ( Figure 1A & B). Q110
is evolutionarily conserved in all reported CDC2bé&mologs and lies in the regulatory
domain of CDC25A (Figure 1C and D). About half leétcell lines carried Q110del in
our limited sequencing experiment. In addition, edire cell lines expressed both
transcripts. Since only one or two c-DNA clonesev&equenced from each cell line, we
want to know if the cellular c-DNA pool also contaithese two variants. The
endonuclease restriction enzyme BpulOl recognizfianking sequence around deleted
Q110 sequence as its recognition sequence 5'- CAGIN 3'. A fragment containing
the Q110del CDC25A sequence will be cleaved, whiewild type CDC25A sequence
will not. Our result indicated that in all the NSClicell lines examined, both transcript

variants are present (Figure 1F and G).
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Figure 1. Identification of CDC25a —Q110del isofanMNSCLC cell lines.

A. Nucleic acid sequence of triplicate deletion@#& NSCLC cell lines. B. mutational
analysis of CDC25A cDNA shows CAG (328-30) deletommresponds to Q110 deletion
in the amino acid sequence .C. Amino acid Ql1@datutionary conserved in CDC25A.
D. Q110 ¢) lies in the regulatory domain, in a spot richhwaegradation
phosphorylation sites (blue) as well as mitotic gtwrylation sites (greef)E.CDC25A
clones retrieved from 10 NSCLC Cell Lines. F. DNAGE shows differential pattern of
enzymatic digestion of CDC25A-wt versus CDC25A-QddlQusing Bpul0-I restriction
endonuclease enzyme. G. Agarose gel shows RT-P&@Rigrof amplified CDC25A
from NSCLC cell lines after digestion with Bpul@entifies CDC25A-Q110del
digestion pattern.
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Effect of CDC25AQ110-del on CDC25A Protein Stability:

We were wondering if Q110 deletion had any effecthe fate of CDC25A. So we
investigated the degradation rate of CDC25A afyetahexamide (CHX) treatment.
Treating cells with CHX blocks protein synthesise Wéund that CDC25A-Q110del has
a longer half life (~15 minutes more) compared taG2BA-wt (Figure 2A). Also, upon
co-transfection of both the CDC25A-wt and CDC25A1Qdel, each labeled with a
different fluorescent protein, accumulation of therescent protein fused to the
Q110del was the one to dominate upon merging (Big Mext, we investigated the
nuclear accumulation of CDC25A variant. Upon transiransfection of CDC25A-
Q110del-mCherry fusion protein and CDC25A-wt-mCiduasion protein in 293F or
H1299 cells, we observed more nuclear accumulatid@@DC25A-Q110del-mcherry up
to 72 hours (Figure 2C). This phenomenon did npeddent on the fusion fluorescent
protein tag, since switching the tag did not afteetaccumulation of more Q110del
fusion protein. To get a quantitative estimat¢hefdifference in protein level between
the wt and the deletion isoform, CDC25A protein waantified using flow cytometry
analysis of 293F transfected with CDC25A-wt-EGFE @DC25A-Q110del-EGFP after
72hrs. Gating only EGFP expressing cells, the CD}cQ4.10del-EGFP showed
significantly higher level of protein compared he tCDC25A-wt-EGFPR<.05) (Figure
2D). Since UV-irradiation induces rapid CDC25A dagation'°we wanted to test if
CDC25A-Q110del will respond differently upon UVadiation of 293F cells transfected
with CDC25A variants. Interestingly, Q110del shoveedhanced stability in response to

UV irradiation in comparison to the wt (Figure 2E).
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Figure 2. CDC25A-Q110del confers more stabilityC&lC25A protein. A. CHX
treatment of H1299 cells shows increased halfdffEDC25A-Q110 versus wt. B.
Fluoresence microscopy: cotransfection of CDC25A:Qtel and CDC25A-wt in H1299
shows more stabilization of the CDC25A-Q110del.€3R2 cells expressing CDC25A-
Q110del-mcherry versus CDC25A-wt-mcherry at 24idsFlow cytometry analysis of
EGFP intensity in 293F expressing CDC25A-Q110deFBGmean 59.2) versus
CDC25A-wt-EGFP (40.5) (t-teft< 0.05). The experiment was repeated two times.
E. UV radiation followed by 30 minutes incubati@)C25A-Q110del showed more
stability compared to CDC25A-wt.
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Effect of CDC25A-Q110del on cell cycle progression and DNA damage:

On western Blot CDC25A-Q110del showed catalytigfn@ntation producing more
of ~33KDa band that was reported before, to haveraoated catalytic activi(Figure
3A). Totest if CDC25A-Q110del confers more catialgctivity to CDC25A, we
investigated cell cycle distribution of 293F upareexpression of CDC25A-Q110del
versus CDC25A-wt. The cell cycle analysis showexldased post G2 population
(hyperploid cells) in the CDC25A-wt-EGFP transfectells compared to the CDC25A-
Q110del-EGFP, suggestive that CDC25A-Q110del islol@pof driving the cells through
post G2 phase while the CDC25A-wt arrests at tlst @ (t-tesP <0.01) (Figure 3A).

In addition, CDC25A-Q110del showed more activatiephosphorylation of CDK1- the
kinase promoting the G2/M phase- compared to th€Z3A-wt after 24h of transient
transfection (Figure 3B). In 293F cells stably eeqsing CDC25A-wt or CDC25A-
Q110del, CDK1 activation was achieved in clonebath isoforms, in which the extent
of activation seems to be dependent on the amd@bDE&25A expression (Figure 3C).
Suggesting that CDK1 activation is more dependarthe amount of accumulation of
CDC25A rather than inherent increase in the catafgtivity of CDC25A-Q110del. To
investigate if the CDC25A-Q110del isoform causesenioNA damage due to
accelerated cell cycle progression, we assayephosphoChkl-ser345 as a marker for
DNA damage response (DDR)after UV radiation of CDC25A-Q110del transfected
H1299, we observed increased Chkl-phosphorylatiser@45 that corresponded in the
same time with CDC25A-Q110del stability, suggesthat the CDC25A-Q110del

induced more DNA damage (Figure 3D).
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Figure 3.CDC25AQ110-del bypasses G2/M checkpoidtiaduces DNA damage. A.
Differential catalytic fragmentatin of CDC25A-wt ngeis CDC25A-Q110del (left), Cell
cycle analysis of 293F after 72 hours of transtectgating only EGFP expressing cells.
B. phosphoCDK1-Tyr15 as downstream reader forrheeased phosphatase activity of
CDC25A-Q110del after 24hr of transfection. C.298HRscstably expressing CDC25A-wt
and CDC25A-Q110del. D.CDC25A-Q110del shows morkilstaupon UV radiation in
and induces more phosphorylation of DDR marker CtaB45.
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Cdlular localization and mitotic activity of CDC25A-Q110de!:

We observed increased nuclear expression of CDGR5b20del in nuclear extract of
H1299 (Figure 4A). So to investigate the effecCa&iC25A-Q110del isoform on mitosis,
we transfected 293F cells with CDC25A-Q110del-E@GFEDC25A-wt-EGFP and
investigated their differential expression aften4under confocal microscopy, which
showed CDC25A to generally accumulate more in thideus with some cytoplasmic
distribution. Yet, CDC25A-Q110del transfected celt®wed more CDC25A
compartmentalization within the nucleus and legemgsmic distribution compared to
the CDC25A-wt (Figure 4B). Mitotic figures were nedrequently encountered in cells
expressing the CDC25A-Q110del alone or cells exgimgsequal proportion of the
CDC25A-wt and CDC25A-Q110del, but not in cells eegwing only the CDC25A-wt
(Figure 4B and C). Intersetingly, the ratio of D&10del/wt seems to affect the mitotic
phase, where 1:1 ratio of Q110: wt seemed to dhgecells through chromosomal
segregation compared to total Q110 (Figure 4B and ks data is suggestive that
CDC25A-Q110del can significantly increase mitotitercompared to the CDC25A-wt

and that CDC25A can bind to the chromosomes dumigsis.
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Figure 4.Cellular localization and mitotic actwf CDC25A-Q110del.

A. Immunoblot of H1299 cells: CDC25A-Q110del is mdocalized in the nucleus
compared to the CDC25A-wt. B. Confocal Microscop®3F cells: The CDC25A-wt-
EGFP expression (B upper panel). CDC25A-Q110detesgion, frequent mitotic
figures are noticed ( B lower panel). C.Co-exp@ssif CDC25A-Q110del and
CDC25A-wt at (1:1) ratio, mitotic activity noticed.
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Discussion

Studies on CDC25A suggest that cells must contBdC25A levels within an
appropriate range so that the coordination of@glle progression and checkpoint
response is maintainéd.

Our finding that CDC25A-Q110del shows evidence ofenprotein stability
accelerates post G2 phase, induces more mitotigtgcand induce dephophorylation
of its substrate CDK1, suggests that this stalof®is bares more functional activity
compared to the CDC25A-wt isoform. This is suppiiig the emerging role of
CDC25A in mitosis,**?*?"and the fact that the closest significant amirid &£Q110 is
S116 (Figure 1% S116 was reported by Mailand et‘atp be an important mitotic
phosphorylation site responsible for stabilizatidd CDC25A throughout mitosis, via
CDK1 induced phosphorylation in a positive feedbladp. Whether the differential
increase in activitiy is due to the accumulativeuraof CDC25A-Q110del or to inherent
increase in its activity, is still to be investigdt

In addition, stability of CDC25A-Q110del in resgento UV radiation despite the
fact that CHK1 —an essential kinase required fer@®2/M checkpoint- is functional in
H1299, suggests that the stable isoform CDC25A-Q&llBypasses the CHK1-CDC25A
checkpoint:®?**This is in accordance with previous studies thatsid CDC25A
overexpression to abrogate CHK1 G2 arrest in HX20grthermore, phospho-
Chk1ser345, a DDR marker, increased phosphorylaiionltaneously with CDC25A-
Q110del stability, suggests that CDC25A-Q110delica$s more DNA damage compared

to the CDC25A-wt>** This is significant in the context that persistBlIR creates
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selective pressure for outgrowth of malignant ckowgh genetic or epigenetic defects in
the genome maintenance machin@ry.Also, in the absence of normal checkpoint
control, i,e p53 mutation - H1299 cells and 50% MESC overexpression of oncogenes
including CDC25A, could be toleratét®433

The observation that hyperploid cells were linkedhte unstable isoform CDC25A-
wt, while mitosis linked to the expression of thade isoform CDC25A-Q110del
supports the important role of CDC25A in executidmitosis* It would be of interest
to study the relation between CDC25A-Q110del, closomal segregation, assembly of
the mitotic spindle, and cytokinests.

During our study, a Q110 deleted cdc25a transoriptarient b was released in
NCBI data base (ACI43572.1). Isoform b lacks a Alir@ acid stretch (aa 145-184)
which is encoded by exon 6. No biochemical or b&llogical study was provided with
the released sequence. However, lacking this Btratty enhance the stability of isoform
b through elimination of S178, which is phosphamtaby chkl and chk2 (Figure 1D).
We did observe the presence of isoform b in NSCelClines at low frequency (1 out of
16 c-DNA clones). Our study represents the firpbreof the Q110 deletion in isoform a
in large number of lung cancer cell lines, and destrates its biological significance.

Our findings could be a major contribution to threlarstanding of CDC25A
regulation’> CDC25A-Q110del isoform bypasses the G2/M checkppimmote mitosis
irrespective of DNA damage and induce more DDRc&@DC25A degradation is
critical for maintaining genomic integrity, presenaf CDC25A-Q110del could

contribute to NSCLC malignancy. This opens new aesrin NSCLC biology and
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proposes CDC25A-Q110del to be investigated moeeraarker and therapeutic target in

NSCLC.



71

References:

1. Mirshahidi HR, Hsueh CT. Updates in non-small agllg cancer--insights from the
2009 45th annual meeting of the American Societ@lofical Oncology. J Hematol
Oncol. 2010; 3:18.

2. Alvarez M, Roman E, Santos ES, Raez LE. New tarfgetson-small-cell lung
cancer therapy. Expert Rev Anticancer Ther.200¥0)/{423-1437.

3. Caputi M, Russo G, Esposito V, Mancini A, GiordakdRole of cell-cycle
regulators in lung cancer. J Cell Physiol. 20055(30319-327.

4. Baldi A, Esposito V, De Luca A, et al. Differentixpression of Rb2/p130 and p107
in normal human tissues and in primary lung cancén Cancer Res. 1997;
3(10):1691-1697.

5. Shapiro GI, Edwards CD, Ewen ME, Rollins BJ.p16IMKdarticipates in a G1
arrest checkpoint in response to DNA damage. MdIBlel. 1998; 18(1):378-387.

6. Aressy B, Ducommun B. Cell cycle control by the CI3(phosphatases. Anticancer
Agents Med Chem. 2008;8(8):818-824.

7. Fernandez-Vidal A, Mazars A, Manenti S.CDC25A: laglenithin the CDC25
phosphatases family? Anticancer Agents Med Chei®8;8(8):825-831.

8. Bartek J, Lukas C, Lukas J. Checking on DNA damadgphase. Nat Rev Mol Cell
Biol. 2004; 5(10):792-804.

9. Busino L, Chiesa M, Draetta GF, Donzelli M.Cdc25#4opphatase: combinatorial

phosphorylation, ubiquitylation and proteolysis.dogene. 2004;23(11):2050-2056.



72

10.Mailand N, Falck J, Lukas C, et al. Rapid destarctof human Cdc25A in response
to DNA damage. Science.2000; 288 (5470):1425-1429.

11.Bartek J, Lukas J.Chkl and Chk2 kinases in chedkpointrol and cancer. Cancer
Cell. 2003; 3(5):421-429.

12.Xiao Z, Chen Z, Gunasekera AH, et al. Chkl medi8tesd G2 arrests through Cdc25A
degradation in response to DNA-damaging agentslJ®em. 2003;278(24):21767-
21773.

13.Ray D, Kiyokawa H.CDC25A levels determine the batof proliferation and checkpoint
response. Cell Cycle. 2007;6(24):3039-3042

14.Mailand N, Podtelejnikov AV, Groth A, Mann M, Baktd, Lukas J. Regulation of
G2/M events by Cdc25A through phosphorylation-dejean modulation of its
stability. EMBO J. 2002; 21:5911-5920.

15. Kristjansdottir K, Rudolph J.Cdc25 phosphatasescamter. Chem Biol.
2004;11(8):1043-1051.

16.Wu W, Fan YH, Kemp BL, Walsh G, Mao L. Overexpieasof cdc25A and cdc25B is
frequent in primary non-small cell lung cancer isutot associated with overexpression of
c-myc. Cancer Res. 1998;58: 4082—-4085.

17.Bhawal UK, Sugiyama M, Nomura Y, et al. High-riskrhan papillomavirus type 16 E7
oncogene associates with Cdc25A over-expressiorainsquamous cell carcinoma.
Virchows Arch. 2007; 450(1):65-71.

18.Hernandez S, Bessa X, Bea S, et al. Differentiptession of cdc25 cell-cycle-
activating phosphatases in human colorectal cantind.ab Invest. 2001; 81(4):465-

473.



73

19.Hernandez S, Hernandez L, Bea S, et al. Cdc2®ydk-activating phosphatases
and c-myc expression in human non-Hodgkin's lympdmrtancer Res. 1998;
58(8):1762-1767.

20.Broggini M, Buraggi G, Brenna A, et al. Cell cyalgated phosphatases CDC25A and B
expression correlates with survival in ovarian earpatients. Anticancer Res. 2000;
20(6C):4835-4840.

21.Loffler H, Syljuasen RG, Bartkova J, Worm J, LukaBartek J. Distinct modes of
deregulation of the proto-oncogenic Cdc25A phosgdeatn human breast cancer cell
lines. Oncogene. 2003; 22(50):8063-8071.

22.Wegener S, Hampe W, Herrmann D, Schaller HC. A#tewve splicing in the
regulatory region of the human phosphatases CDGZBACDC25C. Eur J Cell Biol.
2000; 79(11):810-815.

23.Baldin V, Cans C, Superti-Furga G, Ducommun B. Al&ive splicing of the human
CDC25B tyrosine phosphatase. Possible implicationgrowth control? Oncogene.
1997;14(20):2485-2495

24.Mazars A, Fernandez-Vidal A, Mondesert O, et ata&pase-dependent cleavage of
CDC25A generates an active fragment activatingicya¢pendent kinase 2 during
apoptosis. Cell Death Differ. 2009; 16(2):208-218.

25.Bartkova J, Horejsi Z, Koed K, et al. DNA damagsp@nse as a candidate anti-
cancer barrier in early human tumorigenesis. Na2065;434:864—-870

26.Kasahara K, Goto H, Enomoto M, Tomono Y, KiyondAggaki M.14-3-3gamma
mediates Cdc25A proteolysis to block premature ticitentry after DNA damage. EMBO

J. 2010; 29(16):2802-2812.



74

27.Chen MS, Ryan CE, Piwnica-Worms H.Chk1 kinase negigtregulates mitotic
function of Cdc25A phosphatase through 14-3-3 ImgdMol Cell Biol.
2003;23(21):7488-7497.

28.Wilsker D, Bunz F.Chk1 phosphorylation during misos new role for a master
regulator. Cell Cycle. 2009; 8(8):1161-1163.

29.Zhao H, Watkins JL, Piwnica-Worms H. Disruptiontieé checkpoint kinase 1/cell
division cycle 25A pathway abrogates ionizing rédi&induced S and G2
checkpoints. Proc. Natl Acad. Sci. 2002; 99: 147900.

30.Pereg Y, Liu BY, O'Rourke KM, et al. Ubiquitin hyalase Dub3 promotes oncogenic
transformation by stabilizing Cdc25A. Nat Cell BiaD10;12(4):400-406.

31.Zhou BB, Elledge SJ. The DNA damage response:nuutiheckpoints in perspective.
Nature. 2000; 408(6811):433-439.

32.Demidova AR, Aau MY, Zhuang L, Yu Q. Dual regulatiof Cdc25A by Chkl1 and
p53-ATF3 in DNA replication checkpoint control. IoBChem. 2009;284(7):4132-
4139.

33.Fotedar R, Bendjennat M, Fotedar A. Role of p21WAfthe cellular response to
UV. Cell Cycle. 2004; 3(2):134-137.

34.Loffler H, Lukas J, Bartek J, Kramer A. Structureets function-centrosomes,
genome maintenance and the DNA damage responséCé&tkRes. 2006;

312(14):2633-40.



75

Chapter IV

CDC25A-Q110del Confers Cellular Survival after UV Radiation and Suggests

Poor Overall Patients Survival in NSCLC

Abstract:

CDC25A expression has been correlated with tumgresgiveness and poor
prognosis. CDC25A stability and accordingly activg regulated by several factors.
Here we hypothesis that the stable isoform CDC23Alel will confer cell survival
under DNA damaging conditions, predisposing to naggressive tumors and poor
survival. To estimate the significance of CDC25A1Qdel on malignancy, we first
showed that CDC25A-Q110del mRNA level is signifitgmore in NSCLC cells
compared to HBEC$K.003). Next we showed that CDC25A-Q110del can eomnfore
cellular survival under UV radiation at 24 hoursdly, in 88 tissue samples of NSCLC
patients the relative quantitation of CDC25A-wtumor tissue versus its normal tissue
pair showed direct correlation with better ovesaltvival (P<.0018). Based on our
methodology, CDC25A-wt relative quantitation shob&inversely proportional to that
of CDC25A-Q110del since CDC25A-wt was normalizedht® total CDC25A as the
endogenous reference gene. These findings sugf€32%A-Q110del to play a
significant role in response to therapeutic DNA dgmg agents, a promising prognostic
factor, and a specific target to consider in dasigpersonalized therapeutic modalities

in NSCLC.
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Introduction:

Treatment of NSCLC is stage dependent and maydedurgery, radiation therapy,
chemotherapy, or targeted theragiese cornerstone of therapy for early stage NSCLC
is surgical resection of the primary tumor (no &djut therapy), adjuvant chemotherapy
is offered to patients with stage Il and seleagstl NSCLC, stage IlIA typical
approach for treatment is chemotherapy and radiatith or without surgery, with
median survival about 16—17 months, while patientk stage 11IB NSCLC are not
candidates for surgery, therefore they receiveenent chemoradiotherapy.
Nevertheless, NSCLC remains a worldwide major heaitllenge with overall average
5-year survival rate of 15%Since the 1990s, there is a shift in paradigm fgemeric
cytotoxic chemotherapy to the development of agemtgeted to specific tumor
pathways The role of targeted agents, for NSCLC treatmentiisently being
investigated by several authorities with promisopgortunities for improvements in
specificity and minimizing toxicity:*Indeed, to precisely identify a group of patients
who would benefit from targeted as well as adjuthatapy,investigators have
attempted to identify factors predicting poor progps that would serve as good
therapeutic targets>

Consistent with this, CDC25A represents an attvadtierapeutic target in
NSCLC2® CDC25A over expression has been reported in vafiouman cancers, often
in correlation with more aggressive disease and pamnosis.®*° CDC25A expression
has been described in 60% of NSCLC patients on mRN&° 80% of Head and Neck

cancer’ and in 40-60% esophageal squamous cell carcinonpaatein and mRNA
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level ° Furthermore, in the event of DNA damage CDC25Agpiatase is a key target
of the checkpoint machinery that ensures genedlalgl, while interestingly
overexpression of CDC25A has shown to abrogat€thi€l/CDC25A checkpoint
response to several DNA damaging agéhts.

The integrity of our genome is constantly undeacktfrom both exogenous and
endogenous sources and the ability of our cellsdmtain its genomic integrity is
fundamental for protection from cancer developnmiér@ellular response whether to halt
cell cycle progression or keep proliferating desptNA damage is critical to the process
of tumor development as well as to the responshémo- or radio-therapy> *Here we
investigatan vitro if the stabilized isoform CDC25A-Q110del may cardellular
survival in response to UV radiation in NSCLC dwies. In addition, we test in NSCLC
samples of stages | to IV tumor/normal tissue phieshypothesis that the relative
increase of CDC25A-Q110del may correlate with pasiesurvival. We present an
approach to identify and select tumors that arayiko be more sensitive to CDC25A
inhibitors and might contribute to targeted therapSCLC treatment, and suggesting

CDC25A-Q110del as a prognosticator and therapéarget.
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Materials and methods:

Tissue culture and Cell lines

Immortalized human bronchial epithelial cell lilg#8EC): HBEC1, HBEC2,
HBECS3, HBEC4, and HBECS5 were grown in KSF mediaprebinant human epidermal
growth factor (rEGF) and Bovine pituitary extraBPE)® NSCLC cell lines: NCI-
H157, NCI-H226, NCI-H292, NCI-H358, NCI-H460, NCI8242, A549, NCI-H596,
NCI-H1299, NC1-H1792, NCI-H1944, calu-1, sk-mes-drg&vgrown in DMEM 1g/I
glucose, L-glutamine, sodium pyruvate and 5% FegHlserum (FCS). HNSCC cell
lines HN6, HN12, HN13, SCC5, SCC9, and SCC25 wétained from American Type
Culture Collection (Manassas,VA). Transfectionsevgerformed using lipofectamine
2000 (Invitrogen, Carlsbad, CA) following manufagtuinstructions.

UV radiation assay:

For UV radiation, the culture medium was removedisavere washed twice with
phosphate-buffered saline (PBS), and cells weaglimted in uncovered tissue culture
dishes with 254-nm UV light (UVC) in StratalinkeMUCrosslinker (Stratagene, La Jolla,
CA). Fresh culture medium was added back, and welte further incubated for 24hr in
37°c in 5% carbon dioxide.

Cell Proliferation Assay

Cell viability of transfected cells with CDC25A-wt CDC25A-Q110del was

measured after 24hr of UV treatment, using the Belliferation Reagent WST-1

(Roche Diagnostics Corporation, Indianapolis, IN).
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Patients:

Clinical samples included in the study consistminary NSCLC tumor and their
corresponding nonmalignant lung tissues formn@viduals with pathologic stage | to
IV NSCLC. All of the patients were treated with ative surgery, except those with stage
[lla tumors who might also has received postopeeatadiation therapy and adjuvant
chemotherapy, in M.D. Anderson Cancer Center fr@®b1to 2000. Samples were
immediately frozen and stored at “&D until analysis. The selection of these patierds w
based on the availability of archived fresh tumma aorresponding normal lung tissues
for the investigators. Clinical information andlé-up information for the study was
based on chart review and from reports from the Muderson tumor registry service.
Informed consent for the use of residual resecssdés for research was obtained from
all the patients enrolled in the study. The studg weviewed and approved by the
institution’s Surveillance Committee to allow usstoidy the tissue.

RNA extraction:

Total RNA from tissue samples was extracted byai3inzol reagent according to
the manufacturer’s instruction. Approximately 12tpg of total RNA from each sample
were converted to cDNA using SuperScript Il reveraascriptase (Life Technologies,
Inc., Gaithersburg, MD) in 20 pL volume. The cDNAguct was diluted to 100pL.
Real-time PCR:

The reactant for the Real Time-PCR was CDC25A clax#plicon amplified with
primers forward 5CACTGGAGGTGAAGAACAACAG-3 and reverse's
CAGCCACGAGATACAGGTCTTA-3 using Isoproof high fidelity enzyme (Biorad) or

Phusion high fidelity polymerase (Roche). Tagmané&sexpression assay (IDT Inc.)
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FAM™ dye—labeled probe and Tagman Fast univers& P@ster mix was used
(Applied BiosystemCarlsbad, CA) in a uniplex 20 uL reaction in theneeB6 well Fast
Plate and run in Applied Biosystem 7900HT Fast Raale PCR system. The Tagman
Gene Expression assay sequences designed to e EDC25A templates in the
reaction (here after “tot primer” for which gt was detected) were: Forward
5'GCTCCTCCGAGTCAACAGAT 3', Reverse 5' TGGACTACATCBBCAGCTT 3'
and FAM™ dye—labeled probé I TCTCCTGGGCCATTGGACA3 Another Tagman
assay (here after “wt primer” for which gt wasdetected”) forward 5
GCTCCTCCGAGTCAACAGAT 3 reverse 5 ACTACATCCCAACAGCTTCTG- 3
and FAM™ dye—labeled probéATTCTCCTGGGCCATTGGACA-3designed so that
the CAG(328-30) complements lies as the last thuedeotides in the’3®nd of the
reverse primer so it will detect only the CDC25Atemtnplates and accordingly
CDC25A-wt normalized to the total CDC25A templatet= ct,;— Cti: Which reflects
direct reading of the CDC25A-Q110del in HBECs ar8slNLC cell lines. The arithmetic

formula 224¢

(User Bulletin #2 Applied Biosystem) was used atcualate the relative
guantification of CDC25A-wt in tumor versus norntigsue pairs of the clinical samples,
whereAACt= ACtTyymor- ACtThormar (T: target gene (wt), tumor: NSCLC specimen,
normal = calibrator tissue). GAPDH Fast Tagman as4&ydye—labeled probe was used

for controls.
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Results
Endogenous CDC25A expression in OSCC and NSCLC cell lines:

We first assayed for the endogenous expressiod@2Z5A in a sample of tumor
cell lines*'(Figure 1). We found that CDC25A protein expressi@s variable in OSCC
and NSCLC cell lines. We further investigatechi protein level correlated with the
MRNA level in NSCLC. We found that CDC25A mRNA watsundant in NSCLC but
did not correlate with increased CDC25A proteirelan all cell lines. This change in
expression can be attributed to several factotscthvarol the stability of CDC25A

protein including - but not restricted to- the CI32Q110del*®
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Figurel. CDC25A endogenous expression in OSCC &@LU cell lines. A. SDS-
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CDC25A mRNA in NSCLC cell.
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Tagman Assay Validation:

We wanted to estimate the relative quantitatio@DBIC25A-Q110del mRNA in the
NSCLC cell lines and in the HBEGSTo standardize and validate our Tagman assay we
used pEF6/V5 His CDC25A-wt and CDC25A-Q110del axtant templates, their total
was the endogenous reference gene, detected tisialgpfimer) for which ¢ was
obtained (Figure 2A), while the CDC25A-wt was theget gene, detected using (wt
primer) for which Gi; was obtained, gtvaluewas directly proportional to amount of
CDC25A-Q110del templates in a reaction (Figure 2BjherAct (ACt= Cty - Ctor) reflects
less CDC25A-wt and more CDC25A-Q110del templates\dtvalue is directly proportional to

the CDC25A-Q110del (Figure 2C). Accordindghe Act= cty - Ctot Was considered as an
estimate of the CDC25A-Q110del, the higher Mltéthe more the CDC25A-Q110del

and that was independent of the total number oiesoff-igure 2D).
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Figure 2. &t is a direct reading of the CDC25A-Q110del. A. Tagmaayaasplification
curve for reactions of graded wt:Q110del ratiog; alue is the same irrespective of
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Q110del, high g} values reflect low wt:Q110del i.e; more CDC25A-Q110 and vice
versa (rght). C. The &t= cty- Cto, increases directly with increasing the CDC25A-
Q110del emplate and decreasing the CDC25A-wt in the reactioAcDalmost does not
change, whe changing total copy number of templates while keeping constant ratio of
CDC25A wt: Q110del.
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CDC25A-Q110del more common in NSCLC than in HBECs:

To explore the significance of CDC25A-Q110del in tumorigenesis of lung cancer,
we measured the CDC25A-wt transcripts normalized to the total CDC25A transcript in
HBECS and NSCLC cells. Using the same parameters described in validation the tagman
assay CDC25A-Q110del was detected in HBECs and NSCLC cells astthe
(Appertdices Il A and B). The HBECs showed significantly less CDC25A-Q110del

transcripts compared to the NSCLC cell lines (003) Figure 3.
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Figure 3.Real time PCR CDC25A-Q110del in HBECs and NSCLC. Differential
qguantfication of CDC25A-Q110 in HBECs showed to be significantly less than in
NSCLC P<.003).Act= Cty- Ctyor = CDC25A-Q110del.
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CDC25A-Q110dd confersresistanceto UV radiation:

To investigate whether different proportionality@DC25A-Q110del will affect the
proliferation potential of various NSCLC cell Isiewve carried out a proliferation assay
under unperturbed cell cycle conditions on reprege number of NSCLC (H1299,
Calu-1, A549, sk-mes-1), but there was no diffeeeincproliferation potential. We then
checked if there is difference in proliferationeafUV radiation and figured out that some
cells were more sensitive to UV radiation than cghinterestingly, sk-mes-1 a p53
mutant cell that showed high value of CDC25A-Q110@deiant (Figure 3) was the most
resistant to UV radiation and H1299 was the maossisiee albeit the fact that it is a p53
nul cell line (Figure 4). After transfection of the/ sensitive H1299 with CDC25A-wt
and CDC25A-Q110del , both population of cells shdweore resistance to UV radiation
as assessed by more survival compared to the ttrainsfection , but the cells
expressing the H1299 CDC25A-Q110del showed monevalpotential P<.07 ) than
the CDC25A-wt transfected cell$?k .55) in relation to the control group (Figure 4B)
This suggested that CDC25A-Q110del contributesitmotrigenesis of NSCLC through
enhancing more survival under DNA damaging agéfatu-1 CDC25A-Q110del also
showed more resistance to UV radiation but waslésser extent than that observed in

H1299 (Figure 4C).
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Figure 4.CDC25a-Q110del rescues UV sensitive NSC&IG: A. cell viability assay
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Q110del in 1299 and Calu-1 NSCLC cells confers mesestance to UV radiation as
measured by the WST-cell proliferation assay.
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CDC25A-Q110del correlates with poor overall survival in NSCLC patients:

We were able to detect a digestion pattern spaafieDC25A-Q110del upon
restriction enzyme digestion of CDC25A cDNA of NSCtumor tissue samples using
BpulOl (Figure 5A). To estimate if the quantificatiof CDC25A-Q110del transcript in
NSCLC samples relative to its normal tissue pall affect the overall survival of
NSCLC patients® We carried out real time PCR using the same Tacamaays used for
the cell lines. The®*“value is a direct reading of the CDC25A-wt in turtissue
relative to its normal tissue pair (Figure 5B) (Applix Il C). The Kaplan Meier curve
showed less CDC25A-wt transcripts (i,e more CDCZ3KEL0del) in tumor tissue versus

normal to correlate with poor overall survival (LaankP <.0018) (Figure 5C).
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Figure5.CDC25A-Q110del correlates with overall poor survival of NSCLC patients. A.
Bpul0l restriction endonuclease digestion of CDC25A cDNA from NSCLC tumor
samples. B. Relative Quantification of target gene “CDC25A-wt” in NSCLC tumor tissue
relative to normal tissue pair (T/N) of Lung cancer patients, based on the forittffa: 2
Presated is a sample of 18 out of 88 tissue pairs. CDC25A template of tumor or normal
was run in triplicates of uni-plex reaction for the wt-primer as well as for the tot-primer,
and the mean was calculated for each primer sttyas calculated for each tissue
(Appendk III C). C. Survival curve of patients stratified by optimal cutoff = 0.8. Poor
overall survival correlates with less CDC25A-wt (more CDC25A-Q110del) in Tumor
versus normal tissue pair P-value (log-rank) < 0.0018.
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Discussion

Here we showvin vitro that expression of the stable isoform CDC25A-QEL0d
conferred more survival to UV sensitive NSCLC cefik-mes-1, a p53 mutant cell line,
showed the highest expression of CDC25A-Q110dektidpt and at the same time was
the most resistant to UV radiati6h?* The finding that the transcript was high in these
cells is interpretable since p53 is known to inhdRDC25A on transcriptional level
through the transcriptional repressor ATES® Interestingly , another p53 mutant cell
line, H1299, still showed higher CDC25A-Q110dehseripts compared to the HBECs,
yet less than in sk-mes-1, was more sensitive taadhation than the sk-mes-1 cell line.
This suggests that CDC25AQ110del could be moreatitor survival under UV
damage compared to p5%his was further suggested when CDC25A-Q110del
expression in H1299 rescued it and increasedsistesce to UV radiation. Taken
together this data suggests that the CDC25A-Q118afdrm can evolve NSCLC cells
with more aggressive phenotype, which can be eadisb several therapeutic modalities.
Whether p53 plays a role in cooperation with CDCZ3AL0del in response to UV
radiation is now being explored by ongoing experitae

For detection of the CDC25A-Q110del transcript &ariin NSCLC patients’
samples several methodologies can be approachedné&thodology described allowed
detection of the variant, as well as relative qgifigation in reference to normal tissue
pairs. In the same time it was still reasonablyenient for the large number of samples.

Here, we show in primary tumor samples of NSCL@ymg from stage | to stage 1V,
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that tumors expressing low level CDC25A-wt vari@rg high CDC25A-Q110del) will
have poor overall survival and vice versa.

Detection of more stable CDC25A isoform in NSCL@htr tissue may aid in
tailoring better therapeutic strategies targetetthéospecific proteomic profile of each

individual tumor*2*

specially and CDC25A was shown before to coopexdte Ras
mutation and loss of pRb enhancing more malignaanptype’:? It would be of interest
to study the correlation between these mutatiods @DC25A-Q110del in NSCLC.

Our results suggest that NSCLC tumors expresse@iC25A-Q110del, could be more
resistant to genotoxic therapy and to bear poararaé. These tumors would be suitable
candidate to target CDC25A. Yet, further confirnmgtstudies on tumor samples would
be recommended. Multivariate predictors of respansleding the CDC25A-Q110del
and other mutations that it might cooperate witlulddave potential for clinical use and

likely provide more accurate predictor sensitithgn that achieved with single

biomarkers or clinical characteristics in NSCI2E.
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Chapter V

Conclusions and Future Plans

OSCC and NSCLC are two of the most common maligearaf the aerodigestive
tract.? Remarkable advances have been made in the untiirgjaf the key role of
critical mutations in oncogenes , loss of tumorgepsor genes and the cell cycle-related
molecules in the transformation of cells of theoa@gestive tract. All these underlying
molecular changes, may contribute to the aggre$mifiavior of OSCC and NSCLE?

The overall prognosis of OSCC and NSCLC has nangéd significantly in the
last 3 decades. Yet, several approaches have tadter rates of organ preservation and
improved quality of life of survivors. Among whi&arly detection and prevention as
well as targeted therapy of aerodigestive tracignahcies has shown promising
results®>* New agents are gaining momentum, including inbilsiof intracellular signal
transduction as well as inhibitors of epigenetiaiiating enzymes, with a large body of
research devoted to this afea.

Our data add another piece to the puzzle of evemsibuting to the neoplastic
transformation of cells of the respiratory tractlaimderline, once again, the important
role of molecules involved in regulation of thelasicle® We highlight a significant role
of EZH2 in cell cycle deregulation in OSCC devel@mhas well as in NSCLC
tumorigenesis. In addition, we identify a signifitanode of regulation of CDC25A that
impacts mitotic progression in NSCLC. These findithgve profound translational
implications for the development of mechanism- dabkerapies for epithelial

malignancies of the aerodigestive tract. Sugge&inig2 as a novel predictive marker in
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oral leukoplakia (OL) and as a chemopreventivediaagd adds more evidence for EZH2
as therapeutic target in NSCLC tumorigenégi€DC25A-Q110del isoform can be part
of the genetic blue print of NSCLC in cooperatiomhvother markers and its expression
can suggest the tumor as a suitable candidateD@25A inhibition*However, the
complex regulation of CDC25A and the cross talkveein EZH2 and CDC25A warrants
further investigation. Here, we propose some ofréisearch questions that we are

planning to pursue:

Detection of Gene Methylation Pattern in OL Patiens in a Prospective Cohort
Study:

As in most malignancies, the efficiency of curreeaitment modalities for OSCC
and NSCLC depends strongly on the time of diagnegls better chances of survival if a
tumor is detected at an early stddérogress in the elucidation of the molecular feofi
that characterizes early changes critical for #netbpment of these tumors should lead
the way to novel predictive therapeutic procedimésclinical practice:’ Translational
epigenomics has been an exciting area of reselaatihas grown with the field of
epigenetics itselfThese heritable modifications of the DNA molecu$elf occur
through several pathways including alterations ¥ADmethylation and histone
modification.lt is, however, important to understand in detad epigenetic
reprogramming of premalignant cells in order toniifg the most commonly
hypermethylated gené&g.

In recent yearsample evidence from literature describes promotetihgiation as an

early event in lung and oral tumorigengsiand aberrant DNA methylation is now
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considered a new target for early detection, redeasment, prognosis and therapy in
NSCLC/*? Interestingly, detection of aberrant promoter hypermethylationasfdidate
tumor suppressor genes of OSCC in serum and saliveses showed improved
detection when compared with single markeFurthermore, it is known that unique
profiles of hypermethylation not only differentiatancer from normal, but also define
specific cancer types.

In an attempt to characterize DNA hypermethylapoafile of high risk OL lesions
we suggest a prospective study, in which correfadoDNA hypermethylation profile
and risk of OSCC onset can be studied. The sanple be collected from saliva or
mouth rinses, containing naked DNA or exfoliateliscé&or this we plan to use the
methylated-CpG island recovery assay (MIRA), whghased on the high affinity of the
Methyl-CpG binding domain (MBD2/MBD3L1 complex) feins for double-stranded
CpG-methylated DNA (Figure 1). This method can bedito analyze the DNA
methylation status of large numbers of genes sanelusly using microarray-based
approaches or high-throughput sequenéing.

MBD proteins, such as MBD2, have the capacity tallspecifically to methylated
DNA sequences but have little affinity to unmethgthDNA. MBD2b, the shorter
isoform translated from thdBD2 mRNA, forms a heterodimer with a related protein,
MBD3L1. MBD3L1 strongly increases the affinity cflafombinant MBD2 for methylated
DNA. In the MIRA procedure, sonicated or restriatiout genomic DNA isolated from
normal or malignant tissue is incubated with GSJged MBD2b and His-MBD3L1.
The bound methylated DNA is eluted from a glutatieiaffinity matrix, and used for

hybridization to microarrays (MIRA-chip). The MIRgrocedure has a high specificity
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for enriching methylated DNA and unmethylated DNA molecules stay in the
supernatat.***Thus, the efficiency of the MIRA approach depends on mCpG density
and the apmach seems to be ideally suited for examining CpG methylation patterns on a
genome-wide scale. The MIRA method is several times more sensitive than

Methyl DNA immunoprecipitation, allowing analysis with less DNA and is compatible
with several types of microarrays. This can yield epigenetic signature characteristic of

lesions with malignant potential as well as reveal novel therapeutic targets for'®SCC.

Genomic DNA

F

Sonication
or
Mset digestion

D

A - His-MBD3L1

Py R - GST-MBD2b
—asa @ - 5-methylcytosine
Seseas

Incubation with GST-MBD2b
and His-MBD3L1

MIRA enrichment of the
methylated DNA fraction

=
—aas —_—
-Saasse

microarray analysis

Figure 1.Qrtline of the MIRA-chip procedufé

Genomic DNA is fragmented to an average size of a few hundred base pairs, either by
sonicatia or by cleavage with the restriction enzyme Msel. Methylated DNA molecules
are enriched by incubation with the MBD2b-MBD3L1 protein complex. Input DNA and
MIRA enriched (methylated) fractions are labeled with different dyes, mixed, and
hybridized to microarray slides. Alternatively, MIRA-enriched DNA from normal and
tumor cells can be compared directly.
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EZH2 and CDC25A as Therapeutic Targets in OSCC an®iSCLC:

Personalized chemotherapy and targeted biolograplyebased on a tumor's
histologic and molecular profile have already sh@romise in optimizing efficacy’*®
Yet, Application of this information to clinical actice for the treatment of patients with
NSCLC and OSCC lags behind the promise of indiVidad patient management based
on genomic mediciné®

In this context we propose EZH2 and CDC25A as dtitra therapeutic targets in
aerodigestive tract malignanci@$ie consistent overexpression of EZH2 and CDC25A
and their role in cell cycle progression testifiesheir values as important targets for
inhibition by small molecule¥’*®

Modulation of CDC25A level is critical for keepirtige balance between cell
survival, proliferation and CHK response (Figure B protect genome integrity and
ensure survival, eukaryotic cells exposed to getiotsiress cease proliferating to
provide time for DNA repair. Mailand et al. 200@monstrated that human cells respond
to ultraviolet light or ionizing radiation by rapidbiquitin- and proteasome-dependent
protein degradation of CDC25A, a phosphatase shiaquired for progression through
several phases of the cell cytleThis response involved activated CHK1 protein &&a
but not the p53 pathway (Figure 2} while the persisting expression of CDC25A
showed to abrogate this CHK1 mediated checkpgdifihis could be of great significance
in p53 mutated tumor cells where delayed DDR idudydional, like the case in 50-60%
p53 mutated NSCLC and OSCCThese biological properties of CDC25A phosphatase
provide significant insight into the pathobiologlyaancer and scientific foundation for

anti-CDC25 therapeutic interventioh.
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Figure 2.Mammalian cell cycle checkpointslodulation of CDC25A level is critical for
keeping the balance between cell survival, pratien and CHK responsA. schematic
representation of molecular pathways involved amsmitting the signal from the sites of
DNA damage to delay (green) or arrest (blue) tHlecgele progression at multiple
transitions. The apical kinases ATM/ATR (red) arttk&/ Chk1 (black) together with
their major substrates (P) are indicated. (X) Lablesintra-S-phase component. Asterisk
indicates that other proteins, all direct targétd®M and ATR kinases, also participate
in the ‘acute and transient’ cell cycle delay dgri phase and at the G2/M boundary.
Exactly how these proteins communicate with thé@glle machinery remains to be
established.
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Several inhibitors derived from diverse chemicaksks has been investigated for
CDC25A inhibition?*?® Yet, the mechanism of inhibition is still challéng since for
example the potency of vitamin K derivatives whaem inhibit CDC25A is diminished
through reduction by cellular quinone reductdde. addition, development of small
molecule inhibitors of CDC25A is a challenging takle to several reasons, among
which is the lack of deep active site pocket, themo obvious groove for binding
proteins or small molecule substrates, there i&lii@we flexibility, high reactivity of the
catalytic cysteine of the CDC25s, as well as lacketectivity for CDC25A from other
tyrosine phosphatases, due to the conserved atieveAll of this suggests that this might
be a difficult goal and justifies the slow progrésat has been made in this fiefd’*°In
addition, there is still much to reveal regarding tegulation and catalytic degradation of
CDC25A, and its regulated phosphorylation throdghN-terminal domain seems to be
just the tip of an ice bergy?

Intriguingly, combined epigenetic therapy using Inyetransferase inhibitor (3-
deazaneplanocin A (DZNep)) and Histone deacetfldBAC) inhibitor,(trichostatin A
(TSA)), showed decrease in CDC25A protein levelSICF-7 breast cancer, and
SW480 colon cancer cell [iné& Interestingly, TSA treatment combined with DZNep
cause significant depletion of EZH2 and inhibitm@thylation of lysine 27 on histon
H3.3%3"1t is worth mention, that EZH2 modulates miR-44fgenetically and the
combination treatment of DZNep/TSA, but not thegfertreatment, resulted in a
dramatic induction of miR-449 expression in MCFell&*> miR-449 has an inhibitory
modulating effect on CDC25A, and the epigeneticiivation of miR-449 in tumor cells

provides a proliferative advantateThis makes combined epigenetic therapy a
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significant approach to pursue in malignancies of proteomic profile with EZH2, and
CDC25A owerexpression, aiming at dual inhibition of EZH2 and CDC25A (Figure 3).

This represents a promising molecular-based approach for treatment of aerodigestive tract
epithelial malignancies. Especially, that this epigenetic approach showed before to
induce apoptosis in acute myeloid leukemia cells while spared normal’ ®DBaé

marrow pogenitor cells® It would be interesting to explore in the future the effect of
inhibiting EZH2 in OSCC and NSCLC, then monitor the effect on miR-499 and
CDC25A,to understand more how and to what extent DNA hypomethylatay have a

critical effect on the cell cycl&®

Quinonoid —| [KGIBJEIRYN V\Vt Q]Bde] f— miR449 —
CDIl{ll/ O pl5INESB

Cyclin B ! & Cyclin D1
G2 ' B PP )
CDK1 2 CyclinE

Figure 3 Summary and proposed model of EZH2-miR449 and CDC25A. EZH2

promotes G1-S transition through correlation with'B% down regulation, CyclinD1

up reguléion, CDK1/2 activation dephosphorylation and its activity sensed by Chk1.
CDC25A-Q110del shows more stability under unperturbed cell cycle conditions as well
as under UV irradiation, and promotes G2/M transition through activation

dephosphorylation of CDK1.
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APPENDICES

Appendix |: Association between EZH2 Expression and Patient Characteristics by
OSCC Status

Characteristic EZ:Bx shon
No. af Pat * Weak Moderat prex Cochran
OSCC (0SCC free) Ha* D-1) o4+ No * 2) o+ Fsfnz(3) e+ P MH
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Appendix II:

A. DNA forward direction sequence alignment of CDC25AQ110del from A549
and CDC25A-wt from sk-mes-1 NSCLC cell lines clonethto pEGFPN.

A549 GGATCCAAGGAAACT GCAGCAGOCAAGT TTGAGOGGCAGCACAT GAACTCCOCACCTCCT 60
Sk- mes- 1 GGATCCAAGGAAACT GCAGCAGOCAAGT NT GAGOGGCAGCACAT GAACTCCOCACCTCCT 60
CDC25A  mmmm e
A549 ATCGAAGGCAGAT CCAT GGAACT GBEOCCGGAGCCCCOGCACCGO0GOCGOCTGCTCTTC 120
Sk- mes- 1 ATCGAAGGCAGAT CCAT GGAACT GBROCCGGAGCCCCOGCACCGO0GOCGOCTGCTCTTC 120
CDC25A  eemeemmmeme ATGGAACT GBGOCOGGAGCCCOCGCACCGOCGOCGCCTGCTCTTC 45
IR RS S E SRS EE SRS RS RS R E R EEEEREEEEEEEEEEEEEEESEEESES
A549 GOCTGCAGCOCCOCT CCOGOGT CBCAGOCCGT CGT GAAGGOGCTATTTGECGCTTCAGCC 180
Sk- mes- 1 GOCTGCAGCCOCCOCT CCOGCGT CBCAGOCCGT CGT GAAGGOGCTATTTGECGCTTCAGCC 180
CDC25A GOCTGCAGCCOCCOCT CCOGOGT CBCAGOCCGT CGT GAAGGOGCTATTTGECGCTTCAGCC 105
A549 GOCGGGGGACT GTCGOCT GTCACCAACCT GACCGT CACTATGGACCAGCTGCAGGGTCTG 240
Sk- mes- 1 GOCGGGGGACT GTCGOCT GTCACCAACCT GACCGT CACTATGGACCAGCTGCAGGGTCTG 240
CDC25A GOOGGGGGACT GTCGOCT GTCACCAACCT GACCGT CACTATGGACCAGCTGCAGGGTCTG 165
A549 GGCAGTGATTATGAGCAACCACT GGAGGT GAAGAACAACAGT AATCTGCAGAGAATGGGC 300
Sk- mes- 1 GGCAGTGATTATGAGCAACCACT GGAGGT GAAGAACAACAGT AATCTGCAGAGAATGEGC 300
CDC25A GGCAGTGATTATGAGCAACCACT GGAGGT GAAGAACAACAGTAATCTGCAGAGAATGEGC 225
IR R S R R R RS R E R E R RS RS R E R E SRR R E R RS RS R R R EEEE RS REEEEEESEEEEEERESEESEESESE]
A549 TCCTCOGAGT CAACAGAT TCAGGTTTCTGTCTAGAT TCTCCTGGGCCATTGGACAGTAAA 360
Sk- mes- 1 TCCTCOGAGT CAACAGAT TCAGGTTTCTGTCTAGAT TCTCCTGGGCCATTGGACAGTAAA 360
CDC25A TCCTCOGAGT CAACAGATTCAGGTTTCTGTCTAGAT TCTCCTGGGCCATTGGACAGTAAA 285
IR R S R R S RS R E R E R RS RS R E R E SRR R E R RS RS R R R EEEEREEREEREEEESEEEEEERESEESEESSE]
A549 GAAAACCTTGAAAATCCTATGAGAAGAATACATTCOCTACCT- - - AAGCTGTTGGGATGT 417
Sk- mes- 1 GAAAACCTTGAAAATCCTATGAGAAGAATACAT TCOCTACCTCAGAAGCTGTTGGGATGT 420
CDC25A GAAAACCTTGAAAATCCTAT GAGAAGAATACAT TCOCTACCTCAGAAGCTGTTGGGATGT 345
IR RS S RS EEEE SRS RS R E R EEEEREEREEEEEEEEEEEEESEESEE] R R E R EEEEEEEE SRS
A549 AGTCCAGCTCTGAAGAGGAGCCATTCTGATTCTCTTGACCATGACATCTTTCAGCTCATC 477
Sk- mes- 1 AGTCCAGCTCTGAAGAGGAGCCAT TCTGATTCTCTTGACCATGACATCTTTCAGCTCATC 480
CDC25A AGTCCAGCTCTGAAGAGGAGCCATTCTGATTCTCTTGACCATGACATCTTTCAGCTCATC 405
A549 GACCCAGAT GAGAACAAGGAAAAT GAAGCCT TTGAGT TTAAGAAGCCAGTAAGACCTGTA 537
Sk- mes- 1 GACCCAGAT GAGAACAAGGAAAAT GAAGCCT TTGAGT TTAAGAAGCCAGTAAGACCTGTA 540
CDC25A GACCCAGAT GAGAACAAGGAAAAT GAAGCCT TTGAGT TTAAGAAGCCAGTAAGACCTGTA 465
IR R S R R R RS R E R R R RS RS R E R RS RS R E R RS RS R R R EEERREEREEREEEESEEEEEEESEESEESSE]
A549 TCTCGTGGCTGCCTGCACT CTCAT GGACT CCAGGAGGGTAAAGAT CTCTTCACACAGAGG 597
Sk- mes- 1 TCTCGTGGCTGCCTGCACT CTCAT GGACT CCAGGAGGGTAAAGATCTCTTCACACAGAGG 600
CDC25A TCTCGTGGCTGCCTGCACT CTCAT GGACT CCAGGAGGGTAAAGATCTCTTCACACAGAGG 525
IR R S R RS RS R E R RS RS RS R E R R SRR R E R RS RS R R R EEERREEREEEEEESEEEEEEESEESEESSE]
A549 CAGAACTCTGOCOCAGCT CGGATGCT TTCCT CAAAT GAAAGAGATAGCAGT GAACCAGGG 657
Sk- mes- 1 CAGAACTCTGOCOCAGCT CGGATGCTTTCCT CAAAT GANAGAGATAGCAGT GAACCAGGG 660
CDC25A CAGAACTCTGOCOCAGCT CGGATGCTTTCCT CAAAT GAAAGAGATAGCAGT GAACCAGGG 585
IR R S R R R RS R E R E R RS RS R R R E SRR R E R RS RS R R R EEEIREEEEEEEEEEEEEEESEESEESSE]
A549 AATTTCATTCCTCTTTTTACACCCCAGT CACCTGTGACAGCCACTTT- GTCTGATGAGGA 716
Sk- mes- 1 AATTTCATTCCTCTTTTTACACCCCAGT CACCTGTGACAGCCACTTTTGTCTGATGAGGA 720
CDC25A AATTTCATTCCTCTTTTTACACCOCAGT CACCTGTGACAGCCACTTT- GTCTGATGAGGA 644
A549 TGATGGCTTCGT GGACCT TCTCGAT GGAGAGAAT CT GAAGAAT GAGGAGGAGACCCCCTC 776

Sk-nes-1 TGATGGCTTCGT GGANCT TCTCGATGGAGAGAAT CTGAAGAATGAGGANGAGANCCCCTC 780



CDC25A

A549

CDC25A

A549
Sk-mes- 1
CDC25A

A549
Sk-mes-1
CDC25A

TGATGGCTTCGT GGACCT TCTCGATGGAGAGAAT CTGAAGAATGAGGAGGAGACCCCCTC 704

khkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkk, *hkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkk*x*x **k*x*x **kk*k*k*x%

GTGCATGGNAAGOCTCTGGAACAGCT CCTCTCOGTCATG: - - - - = - < = =< == e oo o - 815
GTGCATGGCAAGOCTCTGGA- CAGCTCCTCTC- GTCATGAGAACTACAAACCTTGACAAC 838
GTGCATGGCAAGOCTCTGGA- CAGCTCCTCTC- GTCATGAGAACTACAAACCTTGACAAC 762

khkkkhkkkhk khkkhkkkhhkkhhkhkhk *hkkhkkhkhhkhkd *kkhk*

CGATGCAAGCTGTTTGACTCCCNTT- CCCTGT GTAGCTCCAGCACTCGGNCAGTGNTGAA 897
CGATGCAAGCTGT TTGACTCCCCTT- CCCTGTGTAGCTCCAGCACTCGGTCAGTGITGAA 821

GANACCAGAACGATCTCAA: - - - = - = = = = = = = m = e o e e o e oo e oe oo 916
GAGACCAGAACGAT CTCAAGAGGAGT CTCCACCT GGAAGT ACAAAGAGGAGGAAGAGCAT 881
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Appendix II:
B. DNA alignment of reverse direction sequencing CDC25Q110del from A549
and CDC25A-wt from sk-mes-1 NSCLC cell lines clonethto pEGFPN:

J K R e e
SK-MBS- 1 s e e e e e
CDC25A CTTCTCGATGGAGAGAAT CTGAAGAAT GAGGAGGAGACCCCCTCGTGCATGGCAAGCCTC 720
A549  eeeeeeeeeaaao - GTCATGAGAACTACAAACCTTGACAACCGATGCAAGCTGITTGAC 45
Sk-nes-1 .- ----- CTCCTCTCGTCATGAGAACTACAAACCTTGACAACCGATGCAACGCTGITTGAC 53
CDC25A TGGACAGCTCCTCTCGT CATGAGAACTACAAACCTTGACAACCGATGCAACGCTGITTGAC 780
IR RS SRR RS EEEE SRS RS RS R EEEEREEEEEEEEEEEEEEESEEESEES
A549 TCCCCTTCCCTGI GTAGCTCCAGCACTCGGT CAGTGT TGAAGAGACCAGAACGATCTCAA 105
Sk-nes-1 TCCCCTTCCCTGI GTAGCTCCAGCACTCGGTCAGTGT TGAAGAGACCAGAACGATCTCAA 113
CDC25A TCCCCTTCCCTGIGTAGCTCCAGCACT CGGTCAGT GTTGAAGAGACCAGAACGATCTCAA 840
IR R S R R R RS R E R E R RS RS R E R RS RS R E R RS RS SRR E SRR RS EEEEEEEEEEEERESEESEESSE]
A549 GAGGAGT CTCCACCT GGAAGTACAAAGAGGAGGAAGAGCATGT CTGGEGEGCCAGCCCCAAA 165
Sk-nes-1 GAGGAGT CTCCACCT GGAAGTACAAAGAGGAGGAAGAGCATGT CTGGEGEGCCAGCCCCAAA 173
CDC25A GAGGAGT CTCCACCTGGAAGTACAAAGAGGAGGAAGAGCATGTCTGEGEGECCAGCCCCAAA 900
IR R S R R R RS R E R E R RS RS R E R E SRR R E R RS RS R R R EEEE RS REEEEEEEEEEEEESEESEESSE]
A549 GAGTCAACTAATCCAGAGAAGGCCCATGAGACTCTTCATCAGTCTTTATCCCTGGCATCT 225
Sk- mes- 1 GAGTCAACTAATCCAGAGAAGGCCCATGAGACTCTTCATCAGTCTTTATCCCTGGCATCT 233
CDC25A GAGTCAACTAATCCAGAGAAGGCCCATGAGACTCTTCATCAGICTTTATCCCTGGCATCT 960
A549 TCCCCCAAAGGAACCATTGAGAACATTTTGGACAAT GACCCAAGGGACCTTATAGGAGAC 285
Sk-nes-1 TCCCCCAAAGGAACCATTGAGAACATTTTGGACAATGACCCAAGGGACCTTATAGGAGAC 293
CDC25A TCCCCCAAAGGAACCATTGAGAACATTTTGGACAATGACCCAAGGGACCTTATAGGAGAC 1020
IR R S R R R RS R R R E R RS RS R E R E SRR R E R RS RS R R R EEEE RS REEREEEESEEEEEEESEESEESESE]
A549 TTCTCCAAGGGTTATCTCTTTCATACAGI TGCTGGGAAACATCAGGATTTAAAATACATC 345
Sk- mes- 1 TTCTCCAAGGGTTATCTCTTTCATACAGT TGCTGGGAAACATCAGGATTTAAAATACATC 353
CDC25A TTCTCCAAGGGTTATCTCTTTCATACAGT TGCTGGGAAACATCAGGATTTAAAATACATC 1080
A549 TCTCCAGAAATTATGGCATCTGI TTTGAATGGCAAGT TTGCCAACCTCATTAAAGAGTTT 405
Sk-nes-1 TCTCCAGAAATTATGGCATCTGI TTTGAATGGCAAGT TTGCCAACCTCATTAAAGAGTITT 413
CDC25A TCTCCAGAAATTATGGCATCTGI TTTGAATGGCAAGT TTGCCAACCTCATTAAAGAGTTT 1140
A549 GTTATCATCGACTGTCGATACCCATATGAATACGAGGGAGGCCACATCAAGGGTGCAGTG 465
Sk-nes-1 GITATCATCGACTGI CGATACCCATATGAATACGAGGGAGGCCACATCAAGGGTGCAGTG 473
CDC25A GITATCATCGACTGI CGATACCCATATGAATACGAGGGAGGCCACATCAAGGGTGCAGTG 1200
IR R S R R R RS R E R RS RS RS R E R RS RS R E R R R RS R R R EEEEREEREEREEEESEEEEEEESEESEESSE]
A549 AACTTGCACATGGAAGAAGAGGT TGAAGACTTCTTATTGAAGAAGCCCATTGTACCTACT 525
Sk-nes-1 AACTTGCACATGGAAGAAGAGGT TGAAGACTTCTTATTGAAGAAGCCCATTGTACCTACT 533
CDC25A AACTTGCACATGGAAGAAGAGGT TGAAGACT TCTTATTGAAGAAGCCCATTGTACCTACT 1260
IR R S R R R RS R E R E R RS RS R E R RS RS R E R RS RS R R R EEERREEREREEEESEEEEEEESEESEESSE]
A549 GATGGCAAGCGTGTCATTGTITGTGITTCACTGCGAGI TTTCTTCTGAGAGAGGTCCCCEC 585
Sk- mes- 1 GATGGCAAGCGTGTCATTGTTGTGTTTCACTGCGAGT TTTCTTCTGAGAGAGGTCCCCGC 593
CDC25A GATGGCAAGCGTGTCATTGTTGTGTTTCACTGCGAGT TTTCTTCTGAGAGAGGTCCCCGC 1320
A549 ATGTGCCGGTATGT GAGAGAGAGAGAT CGCCTGGGTAATGAATACCCCAAACTCCACTAC 645
Sk- mes- 1 ATGTGCCGGTATGT GAGAGAGAGAGAT CGCCTGGGTAATGAATACCCCAAACTCCACTAC 653

CDC25A ATGTGCCGGTAT GTGAGAGAGAGAGAT CGCCT GGGTAATGAATACCCCAAACTCCACTAC 1380

e R R R R



A549
Sk-mes- 1
CDC25A

A549
9-16- 04
CDC25A

A549
Sk-mes-1
CDC25A

A549
Sk-nmes- 1
CDC25A

CCTGAGCTGTATGT CCTGAAGGGEGGATACAAGGAGT TCTTTATGAAATGCCAGICTTAC 705
CCTGAGCTGTATGT CCTGAAGGGEGGATACAAGGAGT TCTTTATGAAATGCCAGICTTAC 713
CCTGAGCTGTATGTCCT GAAGGGGGGATACAAGGAGT TCTTTATGAAATGCCAGTCTTAC 1440

e R R R X

TGT GAGCCCCCTAGCT ACCGECCCAT GCACCACGAGGACT TTAAAGAAGACCT GAAGAAG 765
TGTGAGCCCCCTAGCTACCGGCCCATGCACCACGAGGACTTTAAAGAAGACCTGAAGAAG 773
TGTGAGCCCCCTAGCTACCGGCCCAT GCACCACGAGGACT TTAAAGAAGACCTGAAGAAG 1500

khkkkhkhkkhkhkhkhkhkhkhkhhkhhkhhhkhhhhhkhkhkhkhkhkhkhkhhkhkhhhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkk*x*%x

TTCCGCACCAAGAGCCGGACCT GGECAGCGEGAGAAGAGCAAGAGEGAGATGTACAGTCGT 825
TTCCGCACCAAGAGCCGGACCT GGECAGGGEGAGAAGAGCAAGAGEGAGATGTACAGTCGT 833
TTCCGCACCAAGAGCCGGACCT GEECAGGCGAGAAGAGCAAGAGCGAGATGTACAGT CGT 1560

khkkhkkhkkhkhkhkhkhkhkhkhkhkhkhhkhhhkhkhkhhkhkhhkhkhkhkhkhkhkhhkhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkk*x*%x

CTGAAGAAGCT CTGAACCGGT CGCCACCAT GGT GAGCAAGGGCGAGGAGCTGT- CACCGG 884
CTGAAGAAGCT CTGAACCGGT CGCCACCAT GGT GAGCAAGGGCGAGGAGCTGTTCACCGG 893
CTGAAGAAGCTCTGA - - - = = = = = = = = m o m o m o m e e e e e e oo 1575

khkkkkkkkkkhkkkk*x
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Appendix II:
C. Amino acid alignment of forward sequencing CDC25A-Q10del from A549
and CDC25A-wt from sk-mes-1 NSCLC cloned to pEGFPN:

A549 MNSPPPI EGRSMEL GPEPPHRRRL L FACSPPPASQPVVKAL FGASAAGGLSPVTNLTVTM 60

sk-mes-1 MNSPPPI EGRSMEL GPEPPHRRRL L FACSPPPASQPVVKAL FGASAAGGELSPVTNLTVTM 60

cdc2ba 000 ----------- MEL GPEPPHRRRL L FACSPPPASQPVVKALFGASAAGGLSPVTNLTVTM 49

khkhkkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkk*kkkk*x*x*%x

A549 DQL QGL GSDYEQPL EVKNNSNL QRMGSSESTDSG-CLDSPGPLDSKENLENPVRRI HSLP 120
sk-nes-1 DQL QGL GSDYEQPL EVKNNSNL QRMGSSESTDSGFCL DSPGPLDSKENLENPMRRI HSLP 120
cdc25a DQL QGL GSDYEQPL EVKNNSNL QRMGSSESTDSGFCL DSPGPLDSKENLENPMRRI HSLP 109
A549 - KLLGCSPALKRSHSDSL DHDI FQLI DPDENKENEAFEFKKPVRPVSRGCLHSHGLQEGK 179
sk-nes-1 QKLLGCSPALKRSHSDSL DHDI FQLI DPDENKENEAFEFKKPVRPVSRGCLHSHGLQEGK 180
cdc25a (KLLGCSPALKRSHSDSLDHDI FQLI DPDENKENEAFEFKKPVRPVSRGCLHSHGLQEGK 169
A549 DL FTQRQONSAPARM. SSNERDSSEPGNFI PLFTPQSPVTATL SDEDDGFVDLLDGENLKN 239
sk-nes-1 DLFTQRONSAPARM. SSNXRDSSEPGNFI PLFTPQSPVTAT- - - - - - - FVOGALRGXSRWR 233
cdc25a DLFTORONSAPARM. SSNERDSSEPGNFI PLFTPQSPVTATL SDEDDGFVDLLDGENLKN 229
A549 EEETPSCMXSLWNS- - - - - - ---------- SSPS--------- - - 257
sk-mes-1 ESEE- GXXPLVHGKPL DSSSRHENYKPQPMQAVL PFPVL QHSXSXE- - - - - - - - - - - - - - 278

cdc25a EEETPSCVASLWI APLVMRT TNL DNRCKL FDSPSL CSSSTRSVLKRPERSQEESPPGSTK 289
* % . .
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Appendix II:
D. Amino acid alignment of reverse sequencing of CDC26Q110del from A549
and CDC25A-wt from sk-mes-1 NSCLC cloned to pEGFPN:

P YL I e
SK-MBS- 1 s m e e e e e e e
CDC25A ARM_SSNERDSSEPGNFI PLFTPQSPVTATL SDEDDGFVDL L DGENLKNEEETPSCVASL 240
A549 ----- VMRTTNLDNRCKL FDSPSL CSSSTRSVL KRPERSQEESPPGSTKRRKSMSGASPK 55
Sk-mes- 1 - - - PLVIVRTTNL DNRCKL FDSPSL CSSSTRSVLKRPERSQEESPPGSTKRRKSMSGASPK 57
CDC25A WIAPLVVRT TNL DNRCKL FDSPSL CSSSTRSVLKRPERSQEESPPGSTKRRKSMSGASPK 300
A549 ESTNPEKAHETLHQSLSLASSPKGTI ENI LDNDPRDL | GDFSKGYLFHTVAGKHQDLKY! 115
Sk-mes- 1 ESTNPEKAHETLHQSL SLASSPKGTI ENI LDNDPRDL | GDFSKGYLFHTVAGKHQDLKY! 117
CDC25A ESTNPEKAHETLHQSL SLASSPKGTI ENI LDNDPRDL | GDFSKGYLFHTVAGKHQDLKY! 360
A549 SPEI MASVLNGKFANLI KEFVI | DCRYPYEYEGGH KGAVNLHVEEEVEDFLLKKPI VPT 175
Sk-nmes- 1 SPEI MASVLNGKFANLI KEFVI | DCRYPYEYEGGHI KGAVNLHVEEEVEDFLLKKPI VPT 177
CDC25A SPEI MASVLNGKFANLI KEFVI | DCRYPYEYEGGHI KGAVNLHVEEEVEDFLLKKPI VPT 420
A549 DGKRVI VWFHCEFSSERGPRMCRYVRERDRL GNEYPKLHYPEL YVLKGGYKEFFMKCQSY 235
Sk- mes- 1 DGKRVI VWFHCEFSSERGPRMCRYVRERDRL GNEYPKLHYPEL YVLKGGYKEFFMKCQSY 237
CDC25A DGKRVI VWFHCEFSSERGPRMCRYVRERDRL GNEYPKLHYPEL YVLKGGYKEFFMKCQSY 480
IR R S R R R RS R E R E R RS RS R E R RS RS R E R RS RS R R R EEEE SRR R EEEEEEEEEESEESEESSE]
A549 CEPPSYRPMHHEDFKEDL KKFRTKSRTWAGEKSKREMYSRLKKLTG 281
Sk- mes- 1 CEPPSYRPMHHEDFKEDL KKFRTKSRTWAGEKSKREMYSRLKKLTG 283

CDC25A CEPPSYRPMHHEDFKEDL KKFRTKSRTWAGEKSKREMYSRLKKL- - 524

khkkkhkhkhkhkhhkhhkhhhhhkhhhhhhhhhhhhhhhhkhhhkhkhkhkx*
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A. Quantitative PCR of CDC25A-Q110del normalized to ttal CDC25A template

in reaction of HBEC:

Cell Line

HBEC1

HBEC2

HBEC3

HBEC4

HBECS

Detector
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot

Task Ct

Target 14.45415
Target 14.45322
Target 14.47725

Endogenous Control 14.52141
Endogenous Control 14.31643
Endogenous Control 14.14876

Target 14.42975
Target 14.40704
Target 14.58875

Endogenous Control 14.42904
Endogenous Control 14.29947
Endogenous Control 14.13312

Target 14.202
Target 14.35086
Target 14.27401

Endogenous Control 14.35936
Endogenous Control 14.1815
Endogenous Control 14.04197

Target 14.21047
Target 14.28633
Target 14.35514

Endogenous Control 14.40576
Endogenous Control 14.13131
Endogenous Control 14.17642

Target 14.20715
Target 14.36083
Target 14.39008

Endogenous Control 14.30624
Endogenous Control 14.33616
Endogenous Control 13.94849

Average Ct Act (ct wt - ct tot)

14.46154

0.133
14.32886
14.47518

0.188
14.28721
14.27562

0.081
14.19428
14.28398

0.046
14.23783
14.31935

0.122
14.19696
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B. Quantitative PCR of CDC25A-Q110del normalized to ttal CDC25A template
in reaction of NSCLC cell lines:

Cell line

NCI-H157

NCI-H226

NCI-H292

NCI-H358

NCI-H460

NCI-H522

A549

Detector

CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt

Task

Target

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

Target

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

Target

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

Target

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

Target

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

Target

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

Target

19.640455

Average

Ct ot

18.861074

18.712898

18.666273
18.473574

18.7467

18.51383 18.4489

18.359385
19.034899
18.981205
18.955397

18.527168

18.9951

18.3879 18.4140

18.327023
18.439278
18.451078
18.403172

18.053047

18.4311

18.00321
17.89027

17.9821

19.086184

19.109726

19.030807
18.687523

19.0755

18.5559 18.584271
18.50939

18.81175
18.62439
18.67207
18.368233
18.341614
18.218317
19.186535
19.151815
19.147453
18.651691
18.800947

18.7027

18.3093

19.1619

18.7630
18.83642
19.5171

Act
(wt ct - tot ct)

0.297818667

0.581117667

0.449000333

0.491301333

0.393348667

0.398915

0.594554333



NCI-H5966

NCI-H1299

NCI-H1944

calu-1

sk-mes-1

CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot
CDC25A-wt
CDC25A-wt
CDC25A-wt
CDC25A-tot
CDC25A-tot
CDC25A-tot

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

Target

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

Target

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

Target

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

Target

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

Target

Target

Target
Endogenous Control
Endogenous Control
Endogenous Control

19.480377
19.393913
18.906902
18.974356
18.886631
19.69438
19.870571
19.314522
19.016088
19.175896
19.0745
19.105581
19.121767
19.144888
18.812687
18.79999
18.646639
19.583155
19.83061
19.70171
19.040525
19.340473
19.18474
19.892761
20.098871
20.13361
19.227827
19.612095
19.519691
20.1192
19.924763
19.749525
18.78117
18.653854
18.420023

18.9226

19.6264

19.0888

19.1240

18.7531

19.7051

19.1885

20.0417

19.4532

19.9311

18.6183

0.5376

0.3709

0.5165

0.5885

1.3128
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C. Quantitative PCR of CDC25A-wt in reactions of patieits samples in reference to normal tissue
pair (3 representative cases):

MDA
#

339504

96859

340884

Sample
Name

N2wt
N2wt
N2wt
N2tot
N2tot
N2tot
T2wt
T2wt
T2wt
T2tot
T2tot
T2tot

N3wt
N3wt
N3wt
N3tot
N3tot
N3tot
T3wt
T3wt
T3wt
T3tot
T3tot
T3tot

N4wt
N4wt
N4wt
N4tot
N4tot
N4tot
T4wt
T4wt
T4wt
T4tot
T4tot
T4tot

Ct CDC25A

22.0411
21.9284
22.0077
21.2809
21.2010
21.1629
20.1261
20.0065
20.1231
19.3715
19.5104
19.5916
21.2979
21.4325
21.4271
20.6052
20.3884
20.8607
20.6725
20.6543
20.8861
20.2253
20.5314
20.6203
20.9521
20.9541
20.9005
20.7806
20.9342
20.9609
18.9024
19.1678
19.2382
18.3296
18.4332
18.4312

STDEV

0.0579

0.0602

0.0682

0.1113

0.0762

0.2364

0.1289

0.2072

0.0304

0.0973

0.1771

0.0592

Confidence

0.0655

0.0681

0.0772

0.1260

0.0863

0.2675

0.1459

0.2345

0.0344

0.1101

0.2004

0.0670

Average
Ct

21.9924

21.2149

20.0852

19.4912

21.3858

20.6181

20.7376

20.4590

20.9356

20.8919

19.1028

18.3980

Act AAct
(wtct-totct)  (ActTg-ActTcb)

0.7775

-0.1834
0.5941
0.7677

-0.4891
0.2787
0.0437

0.6612
0.7048

CDC25A-
wtin
T versus N

1.1356

1.4036

0.6324
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