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Abstract

Soy isoflavones have been suggested as epigenetic modulating agents with effects that could be 

important in carcinogenesis. Hypomethylation of LINE-1 has been associated with head and neck 

squamous cell carcinoma (HNSCC) development from oral premalignant lesions and with poor 

prognosis. To determine if neoadjuvant soy isoflavone supplementation could modulate LINE-1 

methylation in HNSCC, we undertook a clinical trial.

Methods: Thirty-nine patients received 2–3 weeks of soy isoflavone supplements (300 mg/day) 

orally prior to surgery. Methylation of LINE-1, and 6 other genes was measured by 

pyrosequencing in biopsy, resection and whole blood (WB) specimens. Changes in methylation 

were tested using paired t-tests and ANOVA. Median follow up was 45 months.

Results: LINE-1 methylation increased significantly after soy isoflavone (p<0.005). Amount of 

change correlated positively with days of isoflavone taken (p= .04). Similar changes were not seen 

in corresponding WB samples. No significant changes in tumor or blood methylation levels were 

seen in the other candidate genes.

Conclusion: This is the first demonstration of in vivo increases in tissue-specific global 

methylation associated with soy isoflavone intake in patients with HNSCC. Prior associations of 

LINE-1 hypomethylation with genetic instability, carcinogenesis and prognosis suggest that soy 

isoflavones maybe potential chemopreventive agents in HNSCC.
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Introduction

DNA methylation in head and neck squamous cell carcinoma (HNSCC) is an attractive 

target for cancer prevention as it is modifiable, not genotoxic and strongly associated with 

survival from HNSCC (1–4). Global hypomethylation has been identified as an important 

epigenetic feature of HNSCC (1, 5–7) and is often represented as a surrogate by 

hypomethylation of the highly repetitive long interspersed nucleotide element-1 (LINE-1) 

retrotransposon. When it is unmethylated, LINE-1 can integrate into genomic DNA for 

target site primed reverse transcription or create DNA breaks leading to genomic instability, 

insertional mutagenesis or deletion of genomic sequences (8, 9). Silencing of LINE-1 

expression by promoter methylation is thought to be of evolutionary importance in 

preventing cancer development(9). Hypomethylation of LINE-1 has been associated with 

increased risk of carcinogenesis and poor prognosis for many types of cancer including 

colon, breast, gastric, ovarian and cervical cancers (10–14) and with development of 

HNSCC from oral premalignant lesions(7). Some studies report that dietary patterns and 

healthy life style can modulate peripheral blood leukocyte LINE-1 methylation in cervical 

intraepithelial neoplasia and in normal subjects(15, 16) while others report no changes in 

tissue levels(17).

Epidemiologic studies in patients with HNSCC have consistently indicated that diet and 

dietary components may be associated with a prognostic benefit in HNSCC (18–20). 

Patients with HNSCC are generally nutritionally deprived, with diets low in fruits, 

vegetables, beans or other foods that contain isoflavones (21–24). Consumption of 

leguminous groups high in isoflavones has been associated with decreased risk of head and 

neck cancer (24, 25). The efficacy of soy nutritional supplementation in patients with 

HNSCC or its ability to modulate biomarkers in vivo is unknown, however soy isoflavones 

have been associated with a prognostic benefit in many other cancers (26–28) and thus 

represent a potential chemotherapeutic agent with a favorable therapeutic index. In 

particular, there is strong evidence that genistein, a soy derived isoflavone, has specific 

anticancer activities such as inhibition of MMP-9 and IL-6, downregulation of VEGF, 

modulation of immunity and inactivation of NF-kB (29–32). Multiple in vivo and vitro anti-

cancer effects of genistein have been postulated, including modulation of gene methylation 

(33). Genistein and related soy isoflavones were shown to reactivate methylation-silenced 

genes in esophageal (33), breast (34) and prostate (35) cell lines, possibly through direct 

inhibition of DNA methyltransferases (33).

Our group and others have characterized epigenetic changes in HNSCC associated with diet 

(36), smoking (2, 37, 38) and survival (1, 3, 39, 40). We have previously shown the stability 

of epigenetic methylation markers between pretreatment biopsies and subsequent tumor 

resection samples(41). We also recently assessed associations of gene methylation with 

patient prognosis using a panel of 6 candidate genes (CCNA1, NDN, CD1a, DCC, 

GADD45a, and p16) that are frequently methylated in HNSCC. In a large cohort study of 

346 patients, we found that pretreatment DNA hypermethylation of two of the genes (CD1A 

and NDN) was associated with significant survival benefit (1). Here we further extend these 

studies to test the hypothesis that LINE-1 hypomethylation levels and DNA 

hypermethylation of these specific candidate genes could be favorably modulated by dietary 
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soy supplementation and potentially improve survival. To determine if high dose soy 

isoflavone treatment can modulate such epigenetic changes in tumor tissue, we conducted a 

short term, neoadjuvant soy isoflavone supplementation clinical trial in HNSCC patients 

undergoing definitive surgical management. We determined genomic and gene-specific 

methylation changes in tissue and whole blood samples collected before and after soy 

administration in these patients that suggest potential therapeutic benefit of soy isoflavone 

supplementation through increasing LINE-1 methylation in tumor tissue.

Methods

Patient Population

This Phase II clinical trial was conducted as an inter-institutional translational component of 

a National Cancer Institute sponsored University of Michigan Head and Neck Specialized 

Program of Research Excellence (SPORE). Thirty-nine patients participated in this clinical 

trial. Patients were recruited from the University of Michigan (n = 31), Winship Cancer 

Institute of Emory University (n = 5) and Karmanos Cancer Center of Wayne State 

University (n = 3). To be eligible, patients had to be potentially curable with definitive 

surgery for either primary or locally recurrent head and neck squamous carcinoma. Of 74 

eligible subjects approached at the University of Michigan, there were 10 refusals, 19 screen 

failures, and four patients with inadequate tissue samples. There were no screen failures 

reported for Winship or Karmanos institutions, and data on patient refusal to participate at 

those sites were not available. This trial was approved by the Institutional Review Board for 

human subjects at all of the treating centers. All patients signed informed consent. Median 

follow up was 45 months.

A total of 23 patients (59%) were previously untreated for their primary cancer and 16 

(41%) were treated either for a second primary cancer (8 patients) or locally recurrent cancer 

(8 patients). Sites (n) of primary tumor for previously untreated patients included oral cavity 

(21), larynx (1) and oropharynx cancer (1), while patients with recurrent disease included 

oral cavity (5) and laryngeal (3) cancer patients. The 8 patients with second primary tumors 

included 5 oral cavity and 3 oropharynx cancers. The average age of the patients in this trial 

was 60.1 years (range 26.0 – 78.4 years). A total of 12 participants were female (31%). The 

tumor site for the majority of the cancers was oral cavity (80%) and nearly half of the 

patients (44%) were diagnosed with stage IVA cancer, with the rest equally distributed 

between Stages I, II and III. Only 8 participants were never smokers and two were never 

drinkers. A total of 45% of subjects were considered normal weight by BMI and 55% were 

considered overweight or obese (Table 1).

Patients were scheduled to receive a minimum of 2 weeks of daily soy supplementation, 

corresponding to the time between biopsy and surgical resection (range 7–39 days, median = 

15.2). Soy isoflavone supplementation consisted of 300 mg/day of G-2535, a purified soy 

extract (NCI-DCP Repository MRI Global, Kansas City, MO., NCI, NIH) administered 

orally prior to surgery. The dose selected was based on prior clinical studies that established 

a maximum tolerated dose. The entire dose was given as two capsules once a day at 

breakfast or at a subsequent meal if breakfast was missed. Capsules could be opened and 

contents dissolved and administered via gastrostomy tube if necessary. The duration of the 
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neoadjuvant treatment interval was deemed acceptable and was based on the average time 

from biopsy to surgical resection in our historical cohort of surgically treated patients in our 

SPORE database which averages 28.5 days (range 5–115). The active pharmaceutical 

ingredient, G-2535, is a purified soy extract containing ≥97% total unconjugated 

isoflavones, composed primarily of genistein and daidzein in a 2:1 ratio (genistein to 

daidzein). Compliance was determined by pill counts and patient recall at patient follow up 

visits.

Tissue Samples and Methylation

Formalin-fixed paraffin-embedded (FFPE) tissue blocks were collected from biopsy and 

surgical resection specimens, and an expert head and neck pathologist (JM) confirmed tumor 

histology and screened representative blocks for areas of >70 % cellularity and minimal 

necrosis. Only subjects with sufficient tissue and DNA to yield methylation results were 

included in the analyses. Designated areas of FFPE tissue were microdissected from 

unstained slides and DNA was extracted using the QIAamp DNA FFPE Tissue Kit (Qiagen, 

Valencia, CA) according to the manufacturer’s protocol. DNA concentration and purity was 

measured with a NanoDrop spectrophotometer (Thermo Scientific, Waltham, MA). Sodium 

bisulfite treatment was performed on 250 ng of DNA using the EpiTect Bisulfite Kit 

(Qiagen, Valencia, CA) according to the manufacturer’s recommended protocol. Peripheral 

whole blood samples were collected at time of initiation of soy isoflavone treatment and at 

time of tumor resection. DNA was extracted using the QIAsymphony Automated DNA 

extraction system (Qiagen, Valencia CA). Two hundred ng of DNA were bisulfite converted 

using the EpiTect Bisulfite Kit (Qiagen, Valencia, CA) for methylation analyses.

Methylation assays for promoter regions of candidate DCC, CD1A, CCNA1, GADD45α, 

NDN and p16 genes were performed as described previously (1). LINE-1 methylation was 

measured using a previously published assay (42). Bisulfite singleplex PCR amplification 

was performed using FastStart Taq Polymerase (Roche Diagnostics, Indiana, USA) with 

primer concentrations of 0.2 mM and 10ng/μL of bisulfite-converted DNA. Fifteen 

microliters of PCR product was combined with sequencing primer and methylation analysis 

was conducted using the PyroMark™ MD System (Biotage) according to manufacturer’s 

protocol (PyroGold reagents). Four bisulfite and four pyrosequencing controls were 

generated by mixing unmethylated and methylated control DNA (genomic: EpigenDX; 

bisulfite-converted: EpiTect) to obtain controls with 0%, 30%, 60% and 100% methylation. 

Each sample plate was run with all controls. If methylation values of controls were incorrect, 

all samples on plate were re-run. Measurement of all samples for every methylation marker 

was not possible due to insufficient quantity of extracted DNA.

Statistical Methods

Changes in methylation levels were assessed using paired t-tests of pretreatment and post-

treatment methylation levels in tissue specimens and whole blood. Associations of 

pretreatment levels and crude changes in methylation levels with clinical tumor and patient 

characteristics were explored with ANOVA. Multivariable linear regression models were 

used to test for associations between methylation levels and clinical characteristics 

controlling for previous treatment. Associations between methylation change and survival or 
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recurrence free time were tested with Cox proportional hazards models. The association 

between change in LINE-1 and duration of soy isoflavone administration was tested with 

linear regression and ANOVA. All analyses were conducted in SAS (Cary, NC).

Results

Changes in LINE-1 Methylation after Neoadjuvant Soy Isoflavone Supplementation

The most significant findings in this study were mean increases in LINE-1 methylation in 

tumor resection specimens after short term oral soy supplementation. LINE-1 methylation 

was significantly increased in tumor specimens after soy isoflavone (mean increase 4.9%; 

range −34.8% to +20.9%; p<0.005, Table 2 and Figure 1). A dose response effect was 

suggested in that the amount of methylation change correlated positively with duration of 

isoflavone supplementation in days (p= .04, Figure 2). The increases in LINE-1 also tended 

to differ by patient BMI and prior treatment, with greatest increases in underweight 

individuals (p=0.04) and in the patients who were previously untreated (p=0.19). These 

changes were noted in the microenvironment tumor specimens while similar changes for 

LINE-1 methylation were not seen in DNA analysis from corresponding whole blood 

samples. Levels of pretreatment LINE-1 methylation and CD1A methylation were 

significantly lower in tumor tissue compared to whole blood levels (p<0.0001 each). This 

contrasted the levels of the other methylation markers (CCNA, Gadd45alpha, NDN, p16, 

DCC) which were all significantly higher in tumor tissue compared to whole blood.

Changes in Candidate Gene Methylation

Comparing changes in methylation levels between pre- and post-soy treatment samples, no 

significant changes in methylation for most of the candidate genes were noted including p16, 

DCC, CCNA1, CD1A, GADD45α, and NDN (Table 2). Although CCNA1 methylation in 

tumor samples did not differ significantly after soy isoflavone treatment, levels of 

methylation of this gene in peripheral blood samples tended to increase in underweight 

individuals (p=0.03). Interestingly, levels of CD1A methylation which we previously 

demonstrated as associated with overall survival, tended to increase in peripheral blood 

samples after soy isoflavone supplementation (p=0.18) and correlated with the total dose of 

soy administration (p=0.08). Despite lack of statistically significant changes in CD1A 
methylation in the tumor specimens, the peripheral blood changes were most notable in the 

previously untreated patients (p=0.10).

Pretreatment Gene Methylation and Clinical Characteristics and Prior Treatment

Pretreatment levels of methylation of the 6 candidate genes in tumor specimens and 

peripheral blood were explored with respect to differences in tumor site, stage, pretreatment 

BMI, drinking and smoking habit and prior treatment. There was very little evidence of any 

significant associations of clinical characteristics with methylation of p16, DCC, CCNA1, 

CD1A, GADD45α, NDN or LINE-1 genes. LINE-1 methylation in tumor tended to be 

higher in obese subjects (p=0.17). In tumors of never smokers, CCNA1 methylation was 

higher (p<0.04) while DCC methylation tended to be lower (p=0.18). In pretreatment 

peripheral blood samples, NDN methylation was higher in obese subjects (p=0.04). CD1A 

methylation was lower in current drinkers (p=0.04). Comparing previously untreated 
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patients to patients with recurrent disease, the levels of NDN methylation (p=.003) and 

CCNA1 methylation (p=.05) were lower while LINE-1 methylation (p=0.10) was lower in 

patients with recurrent disease. Interestingly, methylation of CD1A, a marker that was 

previously associated with increased survival in our prior epigenetic cohort study, tended to 

be marginally lower in the blood of patients with recurrent disease (p=0.07). The majority of 

clinical trial patients had oral cavity cancer and pretreatment NDN methylation was lower 

(p<.008) and LINE-1 higher (p<0.0001) in oral cavity cancers compared to oropharynx or 

larynx cancers.

Clinically, neoadjuvant soy isoflavone supplementation was found to be very feasible and 

well tolerated without any serious adverse events. Patient compliance was excellent. The 

average duration of genistein intake was 15.3 days, ranging from 7 to 26 days of 

administration. The primary reasons for any patient noncompliance were forgetfulness on 

the part of the patients and mild nausea. No serious adverse events were otherwise reported 

that would preclude patients from taking genistein. No clinical tumor regressions or 

progressions were noted during the brief neoadjuvant treatment period.

Epigenetic Change and Survival

Among the 39 evaluable patients in the trial, we observed 9 recurrences and 10 deaths 

during follow-up. The median follow-up was 45 months (Kaplan Meier estimate). There did 

not appear to be any overall survival differences between patients with previously untreated 

or recurrent cancers (log rank p=0.43) or for time to progression (log rank p=0.20) but such 

a small study is likely underpowered to detect expected differences. In this small prospective 

cohort study, LINE-1 methylation was not associated with objective survival or recurrence 

benefit [HR 0.99, 95% C.I. 0.93 – 1.06 and HR 1.05, 95% C.I. 1.00 – 1.11, respectively 

(data not shown)]. The total dose of soy isoflavone administered similarly was not associated 

with survival or recurrence during this short follow up period. The lack of a significant 

association of the changes in LINE-1 methylation with clinical outcome did not differ when 

patients were separately grouped and analyzed as previously untreated or recurrent cancer.

Discussion

The search for effective and tolerable chemopreventive agents for HNSCC is ongoing. Plant 

derived phytochemicals, such as soy isoflavones, have been suggested as active agents with 

pleiotropic in vitro and in vivo effects on gene methylation, angiogenesis, prostaglandin 

mediated inflammation, and apoptosis that could be potentially important in carcinogenesis 

(26, 29, 30, 33). Global LINE-1 hypomethylation (5, 43–45) and specific gene 

hypermethylation patterns (1, 46) have been implicated in HNSCC and in carcinogenesis 

and prognosis in a variety of other cancers such as colon, breast, and prostate. In HNSCC, 

pretreatment intake of soy products (tofu) was associated with significantly improved 

prognosis in a prospective University of Michigan epidemiologic dietary study in 374 

patients (unpublished data) but only one study to our knowledge (prostate cancer) has 

evaluated the effects of purified soy isoflavone supplementation on epigenetic biomarkers 

(47). Of the many proposed mechanisms of action of soy isoflavones, epigenetic alteration 

of gene methylation is an attractive target for chemoprevention since cigarette smoking is a 
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major predisposing factor for cancer development and has been associated with oncogene 

silencing of important tumor suppressor genes such as p16 (33, 48). Thus, we undertook a 

proof of principle window of opportunity clinical trial to determine the clinical feasibility 

and potential epigenetic effects of short term soy isoflavone supplementation in patients with 

head and neck cancer.

The major finding in this study was a significant and dose related increase in LINE-1 

methylation in tumor tissue after neoadjuvant soy isoflavone supplementation. This could 

have important implications as it demonstrates a potentially beneficial epigenetic change in 

vivo with a non-toxic dietary supplement in patients with HNSCC. Genome-wide 

hypomethylation and localized, gene-specific hypermethylation are hallmarks of cancers 

(49). Hypomethylation of LINE-1 elements is an early event in carcinogenesis (50) and is 

indicative of overall methylation in the genome (42). LINE-1 elements comprise 

approximately 17% of the genome (11). Thus, even small changes in LINE-1 methylation 

can be associated with larger changes at the genomic level. These elements are 

environmentally responsive, with changes seen in subjects exposed to benzene (51, 52), 

persistent organic pollutants (53, 54), lead (55), poor diet (56), and smoking (57). LINE-1 

hypomethylation, as a marker of global hypomethylation, is an important clinical biomarker 

for epigenetic change. LINE-1 hypomethylation has been associated with nutrition in 

patients with cancer (15, 58), early cancer diagnosis(10, 53), tumor aggressiveness (14) and 

prognosis (13, 59) suggesting potential usefulness as a surrogate marker in interventional 

studies. Combinational therapy with nutritional epigenetic modulation and gene targeted 

therapies has been suggested as an important new frontier in cancer prevention and 

treatment(60).

There are few interventional studies that have used LINE-1 methylation as a biomarker of 

response. In HNSCC, hypomethylation of LINE-1 has also been associated with genomic 

centromere instability and loss of heterozygosity (43, 44). In one of the larger studies, Smith 

et al measured LINE-1 hypomethylation in 119 HNSCC tumors and found hypomethylation 

in 67% of cases with average genomic methylation of 46.8% compared to 54% in normal 

tissue (5). Hsiung et al suggested that global hypomethylation in whole blood could be a 

useful biomarker for cancer. They found a 1.6-fold increase in relative risk of HNSCC in 

subjects in the lowest tertile of LINE-1 methylation in whole blood samples comparing 

cases to controls (45). Delgado-Cruzata et al (61) described significant LINE-1 methylation 

increases in peripheral blood leukocyte DNA after weight loss intervention at six and twelve 

months in breast cancer survivors. The magnitude of the LINE-1 differences were similar to 

those seen here (3% and 2.2% change at six and twelve months respectively). Likewise, our 

data comparing whole blood and tumor are consistent with basal levels and differences in 

percent hypomethylation of LINE-1 between tumor and normal tissue reported by 

Chalitchagorn et al in HNSCC (50). Although we didn’t see significant changes in whole 

blood LINE-1 methylation after our short soy isoflavone intervention, the fact that changes 

were seen in methylation in the unstable tumor microenvironment could be meaningful and 

may indicate a possible, beneficial mechanism of action on DNA stability in the tumor 

microenvironment (62) that was not reflected in the whole blood at these dose levels and 

duration. From a prevention standpoint, Foy et al found that patients with oral pre-malignant 

lesions and with low levels of LINE-1 methylation had a significantly shorter time to 
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progression to cancer (7). Although we did not observe an overall survival benefit from the 

soy isoflavone intervention in this study, larger sufficiently powered studies with longer 

follow up would be needed to determine any potential prognostic and clinical benefit of 

longer term soy supplementation in HNSCC patients.

The findings show differing results of pretreatment soy isoflavone supplementation on 

epigenetic changes in tumor and peripheral blood samples from patients undergoing 

potentially curative surgery for head and neck squamous cell carcinoma. Although 

significant changes in tumor LINE-1 methylation suggest that soy treatment is associated 

with increased genomic stability that could have prognostic importance, the results also 

suggest that changes in tumor do not parallel changes seen in peripheral blood gene 

methylation. We saw very little variation between patient levels for pretreatment whole 

blood methylation for each gene in our cohort, whereas differences between respective blood 

and tissue methylation levels for each gene were large. “It is unknown why significant 

changes were only seen in LINE-1 methylation in tumor or if longer treatment duration or 

higher doses of soy isoflavone might have been associated with other epigenetic changes. 

Clinical characteristics typically associated with poor outcomes (e.g. underweight, recurrent 

cancer) tended to show the greatest changes in LINE-1 methylation. Although not 

statistically significant, the direction of change for whole blood methylation after the soy 

intervention was for increased methylation for all genes tested except p16. We also observed 

suggestive methylation changes in the gene CD1A. CD1A, which modulates Langerhans and 

dendritic cell function, showed what might be interpreted as beneficial changes in peripheral 

blood methylation which were most evident in the highest risk patients with recurrent 

cancers. We also observed significantly lower levels of methylation of this gene in tumor 

tissue compared to whole blood, similar to our findings for LINE-1. Methylation of CD1A 

could help regulate immunosuppressive M1 macrophage and Langerhans cell functions in 

tissue. Because our analysis included small subsets for several tested genes however, the 

trends noted for individual genes would be expected to be less significant if multiple 

statistical testing adjustments were made. Since low methylation of CD1A was previously 

shown to be associated with decreased survival (1), these findings even in a small number of 

patients are nonetheless intriguing for further exploration of soy isoflavone supplementation 

as an immunomodulatory and chemopreventive agent in HNSCC.

Conclusions

This study has several unique implications. First, our results indicate that meaningful 

epigenetic changes can be achieved after a short dietary intervention. Changes in the tumor 

tissue itself may be an early indicator of beneficial effects of a nutritional treatment 

intervention. However, our results should be interpreted with caution since this was a 

relatively small, albeit carefully performed, prospective clinical trial. Second, this is the first 

report of specific alterations in LINE-1 hypomethylation in response to soy isoflavone 

administration in HNSCC patients in vivo. The fact that a moderate dose soy intervention 

beneficially altered an important marker of global hypomethylation in a short time period 

suggests that sustained delivery could have greater clinical effects. This is particularly 

important for agents that may be prescribed for long term primary or secondary cancer 

prevention. These preliminary data suggest the need for a larger study that will carefully 
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evaluate soy as a chemopreventive agent in HNSCC as well as consideration of other natural 

compounds for the epigenetic treatment of HNSCC.
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Figure 1: 
Change in LINE-1 Methylation Levels in pre- and post-supplementation tumor tissue 

samples. LINE-1 methylation increased significantly in tumor specimens after soy 

isoflavone (p<0.005).
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Figure 2: 
LINE-1 methylation level changes by days of soy administration. Methylation changes 

differed significantly with longer duration of supplementation (ANOVA, p=0.04) and 

amount of change correlated positively with longer duration by linear regression analysis 

(p=0.009).
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Table 1.

Descriptive statistics of study participants

Age: mean (sd) 60.1 (12.5)

% Female 31%

% ever/former smoker 79%/42%

Pack years: mean (sd) 32.3 (26.0)

Underweight/overweight/obese 14/8/9

BMI: mean (sd) 27.2 (6.1)

Tumor Stage I/II, III/IV (%) 12 (31%), 27 (69%)

Disease Site: larynx/oral cavity/oropharynx 4/31/4

Events: death/recurrence 10/9
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Table 2.

Change in pre- and post-treatment methylation levels in tumor (t) and blood (b)

Marker Mean pre-treatment 
methylation level (sd)

Mean post-treatment 
methylation level (sd)

Mean change (pre-post) 
(sd)

p value change in 
methylation

p16 (t) 16.71 (23.55) 13.35 (19.03) 3.36 (24.81) 0.40

p16 (b) 1.14 (1.74) 0.94 (0.64) 0.33 (2.02) 0.41

DCC (t) 32.63 (20.11) 30.91 (24.98) 1.07 (23.30) 0.78

DCC (b) 7.43 (2.26) 7.66 (2.42) −0.05 (1.83) 0.89

CCNA1 (t) 30.53 (17.90) 32.32 (18.82) −2.14 (22.95) 0.61

CCNA1 (b) 15.95 (4.55) 16.33 (3.21) −0.17 (2.82) 0.77

NDN (t) 43.36 (16.32) 43.60 (12.99) −0.24 (21.0) 0.94

NDN (b) 36.94 (4.90) 37.59 (5.26) 0.15 (2.46) 0.76

GADD45 (t) 1.76 (1.33) 1.53 (0.67) 0.24 (1.56) 0.35

GADD45 (b) 0.76 (0.53) 1.06 (0.51) −0.33 (0.93) 0.08

LINE-1 (t) 62.88 (12.48) 67.78 (9.75) −4.90 (10.15) 0.005

LINE-1 (b) 72.43 (1.16) 72.62 (1.17) −0.18 (1.60) 0.57

CD1A (t) 65.85 (12.99) 66.41 (13.91) −0.56 (14.98) 0.82

CD1A (b) 87.56 (3.87) 88.23 (3.38) −0.75 (2.80) 0.18
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