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Abstract: Objective: To explore the methylation status of DNA-binding inhibitor 4 (ID4) in tamoxifen-refractory (TR) 
breast cancer. Methods: From January 2012 to December 2014, breast cancer patients managed by radical mas-
tectomy previously and receiving tamoxifen treatment for at least 12 months were enrolled. According to the re-
sponse to tamoxifen, patients were divided into TR group and tamoxifen-sensitive (TS) group. Genomic DNA was 
isolated from fasting venous blood, and methylight technique was applied to determine the methylation status of 
ID4. Results: 43 patients with TS breast cancer and 31 patients with TR breast cancer were enrolled. No significant 
difference between groups was observed in term of patients’ characteristics, such as age (P=0.693), progesterone 
receptor (P=0.970), menopausal status (P=0.784) and histological type (P=0.537), while the stage of cancer in TR 
group was significantly higher than TS group (P<0.001). Compared to TS group, PMR of ID4 was significantly higher 
in TR group (P=0.002). ROC curve analysis indicated that ID4 yielded an AUC of 0.716 with 77.4% sensitivity and 
62.79% specificity in distinguishing TR breast cancer at the cut point of 3.8%. The PMR cut point of ID4 was set at 
6.8% in survival analysis, log-rank test indicated the risk of disease progression was comparable between patients 
with ID4 hypermethylation or hypomethylation (P=0.287). Conclusion: ID4 hypomethylation is present in TR breast 
cancer, and it may serve as a potential biomarker in distinguishing TR breast cancer. However, the results need 
further validation in larger studies.
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Introduction 

Estrogen plays a key role in female physiology, 
reproduction and behavior, as well as the devel-
opment of breast cancer [1]. It is well-known 
that the block of estrogen signaling by anties-
trogen therapy could result in tumor suppres-
sion [2]. Tamoxifen, as a selective estrogen 
receptor (ER) modulator, has been widely used 
for the management of ER-positive breast can-
cer. It is reported that tamoxifen contributes a 
40%-50% reduction in the odds of recurrence 
and reduced mortality [3], and provides tempo-
rary remission in 30% to 50% of patients with 
metastasis disease [4]. Unfortunately, one-
third of females receiving tamoxifen treatment 
for 5 years will experience recurrence or metas-

tasis within 15 years [5]. Therefore, developing 
specific biomarkers distinguishing acquired 
tamoxifen-refractory (TR) breast cancer will 
benefit these patients by shifting endocrine 
therapy strategy, especially before the detec-
tion of recurrence or metastasis. 

DNA-binding inhibitor 4 (ID4), as a member of ID 
family, negatively regulates basic helix-loop-
helix transcription factors, therapy plays an 
important role in the regulation of complex tran-
scriptional network [6]. ID4 acts as a tumor sup-
pressor or tumor promoter according different 
histologic types, and clear picture of ID4 expres-
sion pattern has not emerged in breast cancer. 
It is reported that ID4 expression is present in 
ERα negative mammary epithelial cells, basal 
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cell-like breast cancer, triple negative breast 
cancer, but absent in ERα positive atypical duc-
tal hyperplasia, ductal carcinoma in situ and 
invasive carcinomas [7-9]. Fan M et al. found 
that hypomethylation and overexpression of 
ID4 was observed in TR MCF7 cells [10]. 

In the present study, we would like to investi-
gate the methylation status of ID4 in acquired 
TR breast cancer and temoxifen-sensitive (TS) 
breast cancer, therapy explore whether it could 
serve as a biomarker in distinguish acquired TR 
breast cancer. 

Patients and methods

The research was conducted in accordance 
with the declaration of Helsinki, and got the 
approval of the ethic committee of our institu-
tion. Additionally, all participants signed inform- 
ed consents. 

Patients

From January 2012 to December 2014, breast 
cancer patients treated with tamoxifen were 
screened in our center. The inclusion criteria 
were as follows: previously treated with radical 
mastectomy and receiving tamoxifen treatment 
more than 12 months. Patients meeting the fol-
lowing items were excluded: receiving combina-
tion therapy of tamoixfen and other antiestro-
gen agents, taking immunosuppressive the- 
rapy, and suffering other kind of malignant 
tumor at the same time. TR was defined as 
breast cancer recurrence or metastasis while 
receiving tamoxifen therapy, while TS was 
defined as no recurrence or metastasis was 
observed during tamoxifen therapy. Patients in 
the TS group were followed up by magnetic res-
onance imaging, contrast-enhanced computer-
ized tomography, ultrasound, X-ray or bone 
scans every 3 months, with the purpose of 
detecting recurrence or metastasis timely. 

Samples and DNA isolation 

Fasting venous blood was collected at the time 
of recruitment and detection of recurrence or 
metastasis for patients in TS group, and centri-
fuged at 2000 g at 4°C for 10 minutes within 
30 minutes. The supernatant serum was trans-
ferred into Eppendorf tubes, and stored at 
-80°C until further analysis. 

Genomic DNA was extracted from 200 μl serum 
by using High Pure Viral Nucleic Acid Kit (Roche 
Applied Science, Mannheim, Germany), which 
has been verified previously [11, 12]. The isola-
tion procedures were performed according to 
manufacturer’s instruction, and genomic DNA 
was eluted in 50 μl of Elution Buffer. 

Methylight analysis

Sodium bisulfite conversion of genomic DNA 
was conducted using EZ DNA Methylation-Gold 
KitTM (Zymo Research, Orange, CA, USA) to con-
vert unmethylated cytosines to uracils and 
leave methylated cytosines unmodified. Then, 
the genomic DNA was analyzed by Methylight 
technique. The primer and probe of ID4 has 
been verified in acute leukemia [13], which are 
as follows: forward primer, 5’-TCGGAGTTTTCG- 
TTTTCGTT-3’; reverse primer, 5’-CGATACTACTC- 
ACAACCGCG-3’; probe, 5’-ATAAATATAGTTGCG- 
CGGCG-3’. PCRs were performed in 20 μl vol-
umes containing 4 μl gemonic DNA, 250 μmol/l 
deoxynucleotide triphosphate mixture, 1 × PCR 
buffer (Qiagen, Hilden, Germany), 0.05 units/μl 
Taq DNA polymerase (HotStar Taq, Qiagen), 4 
mmol/l MgCl2, 0.6 μmol primers and 0.2 μmol 
probes, using the following PCR program: 95°C 
for 15 min, then 45 cycles of 94°C for 50 s, 
56°C for 40 s, and 72°C for 60 s. 

AluC4 was used to control for DNA amplifica-
tion and normalize for input DNA, and com-
pletely methylated reference DNA with methyla-
tion of all the CpG islands was purchased from 
Millipore (#S7821) as a reference DNA. The 
methylation status of target gene was present-
ed as percentage of methylated reference 
(PMR) values. PMR=100% × 2 exp-(CT, Target-CT, 
AluC4)sample-(CT, Target-CT, AluC4)fully methylated. Each meth-
ylation reaction was performed in triple, and 
the final PMR values represent the mean. 

Statistical analysis 

SPSS 13.0 (SPSS Inc., Chicago, IL, USA) was 
applied for statistical analysis. Comparison 
between groups was calculated by t test for 
measurement data and Mann-Whitney U test 
for enumeration data. Samples containing >4% 
fully methylated molecules were taken as 
hypermethylation, while samples containing 
≤4% were designated as hypomethylation [14]. 
Receiver-operating characteristic (ROC) curves 
analysis and the area under the curve (AUC) 
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was calculated to determine the efficacy of ID4 
in distinguishing TR breast cancer. PMR of ID4 
in patients suffering recurrence or metastasis 
in TS group was measured twice using the 
blood samples collected at enrollment and 
detection of recurrence or metastasis, PMR 
was compared by paired t test. In TS group, the 
mean of PMR at enrollment was taken as the 
cut point to distinguish hypomethylation and 
hypermethylation in the survival analysis. The 
association between progression-free survival 
and PMR of ID4 was computed by Log-rank 
test. Two-tailed P<0.05 was considered statisti-
cally significant. 

Results 

43 patients with TS breast cancer and 31 
patients with TR breast cancer were enrolled. 
Estrogen receptor was positive in all partici-
pants, and the stage of cancer in TR group was 
significantly higher than TS group (P<0.001). 
No significant difference between groups was 

observed in term of patients’ characteristics, 
such as age (P=0.693), progesterone receptor 
(P=0.970), menopausal status (P=0.784) and 
histological type (P=0.537, Table 1). 

Compared to TS group, PMR of ID4 was signifi-
cantly higher in TR group (6.8±5.3% vs. 
3.4±2.3%, P=0.002, Figure 1A). At the cut 
point of 4%, the prevalence of hypomethylation 
of ID4 was 37.2% and 77.4% in TS and TR group 
(P=0.001). Further, ROC curve analysis was 
performed to evaluate the efficacy of ID meth-
ylation status in distinguishing TR breast can-
cer, which demonstrated 77.4% (95% CI: 
58.9%-90.4%) sensitivity, 62.79% (95% CI: 
46.7%-77.0%) specificity and AUC of 0.716 
(95% CI: 0.599-0.815) at the cut point of 3.8% 
(Figure 1B). 

During the follow-up, 8 (18.6%) patients in TS 
group suffered recurrence or metastasis of 
breast cancer. Compared to the blood sample 
collected at enrollment, PMR of ID4 significant-
ly decreased after the recurrence or metasta-
sis (5.4±2.8% vs. 2.2±0.9%, P=0.005, Figure 
1C). The PMR cut point of ID4 was set at 6.8% 
in survival analysis, log-rank test indicated the 
risk of disease progression was comparable 
between patients with ID4 hypermethylation 
and hypomethylation (P=0.287, Figure 1D).

Discussion 

The present study indicated that the methyla-
tion status of ID4 decreased along with TS 
breast cancer became TR, and ROC curve 
showed that hypomethylation of ID4 had mod-
erate efficacy in distinguishing TR breast can-
cer. Unfortunately, the above perspectives 
didn’t get the support of survival analysis. 

Even though the antiestrogen agents are 
diverse, tamoxifen is recommended for ER+ 
patients as the first line treatment by most doc-
tors and the American Joint Committee of 
Cancer [15]. Therefore, de novo and acquired 
resistance to tamoxifen become a severe chal-
lenge. The mechanism of intrinsic and acquired 
resistance to tamoxifen is complicated and 
hasn’t been well elaborated, which refers to 
estrogen receptor and its co-regulators, recep-
tor tyrosine kinase signaling, cell cycle regula-
tors, cell survival signaling and apoptosis and 
so on [1]. More than 40 candidate tamoxifen 
resistance genes have been identified by gain-

Table 1. Comparison of patients’ parameters 
between groups
Characteristic TS (n=43) TR (n=31) P
Age (years) 47.9±12.5 49.0±11.1 0.693
PR status 0.970
    Negative 22 16
    Positive 21 15
Menopausal status 0.784
    Premenopausal 23 14
    Perimenopausal 2 5
    Postmenopausal 18 12
AJCC stage <0.001
    I 15
    II 17
    III 11 5
    IV 26
Histological type 0.537
    Invasive ductal 37 25
    Invasive lobular 6 6
Brain metastasis 10
PMR (%) 6.8±5.3 3.4±2.3 0.002
Methylation status 0.001
    Hypermethylation 27 7
    Hypomethylation 16 24
TS: temoxifen-sensitive breast cancer; TR: tamoxifen-
refractory breast cancer; PR: progestogen receptor; AJCC: 
American Joint Committee on Cancer; PMR: percentage of 
methylated reference.
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of-function screens in breast cancer, such as 
genes encoding estrogen receptor co-repres-
sor NCOR2, intracellular signaling molecules 
(BCAR1, BCAR3, AKT1, AKT2, SRC and GRB7), 
cell surface receptors (EGFR, ERBB2, platelet-
derived growth factor receptor-β) and colony-
stimulating factor 1 receptor) and genes of 
poorly understood function (for example, 
BCAR4 and TLE3) [1].

Previous studies indicated that hypermethyl-
ation of ID4 was observed in 69% primary 
breast cancer sample, and the hypermethyl-
ation of ID4 was associated with decreased 
recurrence-free survival and increased risk of 
lymph node metastasis [16, 17]. Fan M et al. 
established tamoxifen-refractory sublines from 
a single colony of hormone-dependent breast 
cancer MCF7 cells and conducted differential 
methylation hybridization, then found hypo-

methylation and overexpression of ID4 in 
tamoxifen-refractory sublines compared to 
MCF7 cell [10]. Our results also found that ID4 
was hypermethylated in most TS cases, and 
then become hypomethylated along with the 
loss of response to tamoxifen treatment. Early 
study indicated that marked decreases of 
estrogen receptor was observed in patients 
receiving tamoxifen treatment [18, 19], and it 
has been reported that ID4 expression was 
inversely correlated with estrogen receptor 
expression [7, 8]. A possible explanation may 
be that ID4 expression is suppressed by estro-
gen signal, while the suppressive efficacy grad-
ually decreased along with the progressive loss 
of estrogen receptor during the period of 
tamoxifen treatment. Of course, it is still unclear 
that it is ID4 regulates the expression of estro-
gen receptor or be regulated by estrogen signal. 
ID4 is frequently inactivated through promoter 

Figure 1. Comparison of parameters between different groups. A. Comparison of ID4 PMR between TS and TR 
group; B. ROC curve analysis of ID4 in distinguishing TR breast cancer; C. Comparison of ID4 PMR before and after 
the recurrence or metastasis in TS group; D. Kaplan-Meier cure of progression-free survival for patients in TS group 
according to ID4 methylation status. 



ID4 and tamoxifen-refractory breast cancer 

9504 Int J Clin Exp Pathol 2015;8(8):9500-9505

hypermethylation and serves as a tumor sup-
pressor in ER+ breast cancer, while it acts like 
an oncogene in ERα-breast cancer cells MDA-
MB-237 and SKBr3 that express mutant p53 
[20]. Further study indicates that a protein 
complex including mutant p53 R273H-
E2F1-p65 positively controls ID4 expression by 
assembling on specific regions of the ID4 pro-
moter [21]. Moreover, adriamycin and cisplatin 
treatments could result in the increase of ID4 
expression in mutant p53/ID4 expressing cells, 
further to achieve ‘mutant p53 associated’ 
chemo-resistance [20]. On contrary to the 
results from previous study in primary breast 
cancer [16, 17]. Kaplan-Meier curve indicates 
that it seems as if ID4 serves as an oncogene 
and promotes the progression of breast cancer 
in tamoxifen-treated cases. Even though statis-
tical difference wasn’t calculated between 
hypermethylation group and hypomethylation 
group in the survival analysis, a general trend 
could be seen that patients with hypomethyl-
ation of ID4 suffer shorter progression-free sur-
vival. We believe that the limited cohort and 
follow-up duration reduce the efficacy of log-
rank test, larger studies with longer follow-up 
duration will provide more persuasive evi- 
dence. 

There are several limitations needing to be con-
sidered. First, all participants are Asians and 
from a single center, whether they could repre-
sent the general population is still in doubt. 
Second, TS breast cancer was defined no recur-
rence or metastasis was observed in patients 
receiving tamoxifen treatment for at least 12 
months. However, it couldn’t exclude patients 
with minor metastasis which couldn’t be 
detected by present techniques and intrinsic 
tamoxifen-refractory breast cancer which didn’t 
relapse at enrollment, it will bring bias to the 
results. Third, we propose a hypothesis to 
explain the results we observed, but the expres-
sions of ER and mutant p53 weren’t evaluated 
in the present research due to economic and 
institutional reasons, regrettably. Fourth, the 
cohort of the study and duration of follow-up 
are limited. It is certain that larger studies with 
sufficient follow-up will provide more persua-
sive evidence. 

In conclusion, ID4 hypomethylation was 
observed in TR breast cancer, it may serve as a 
potential biomarker in distinguishing TR breast 

cancer. However, the results need further vali-
dation in larger studies. 
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