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ABSTRACT

Background. The transcriptional factors E2F1 and E2F2

have been reported to be associated with improved

chemosensitivity in various cancers. We aimed to investi-

gate whether E2F1 and E2F2 can be used as predictors of

chemosensitivity in hormone-receptor-negative breast

cancers (HRNBCs), which are common in Korean women.

Methods. A total of 183 patients with primary breast

cancer who had undergone surgical resection were evalu-

ated on the basis of hormonal status, age, histological

subtype and grade, tumor size, lymph node metastasis, and

stage. The immunohistochemical expressions of E2F1 and

E2F2 were analyzed for these histopathological data and

patient survival.

Results. E2F1 expression was associated with low histo-

logical grade (grade 1) and larger tumor size ([2 cm),

while E2F2 expression was correlated only with large

tumor size ([2 cm). The E2F1-positive group had less

tumor recurrences, lymph node metastases during follow-

up, and distant metastases than the E2F1-negative group;

E2F1 expression was found to be an independent predictive

factor of more favorable survival among HRNBC patients

on univariate and multivariate analyses, but E2F2 expres-

sion was not.

Conclusions. E2F1 may be a potential prognostic and

predictive factor for clinical outcome and therapeutic

results following adjuvant chemotherapy in HRNBC

patients.

Currently, breast cancer is the most common carcinoma

and the fifth most common cause of cancer-related death

among Korean women.1 Breast cancer in Asian women

reveals a high proportion of hormone-receptor-negative

breast cancers (HRNBC, 47–58%) compared with in Wes-

tern countries (30–40%). HRNBCs are characterized by high

histological grade and poorly differentiated tumors and are

associated with poor median survival (i.e., 18–24 months);

less than 5% of patients survive longer than 5 years.2–6

Because HRNBCs do not respond to hormone therapies

such as tamoxifen or aromatase inhibitors, adjuvant che-

motherapy is essential for these patients.7,8 Therefore, it is

important to evaluate predictive factors for chemothera-

peutic response. Although a study establishing a predictive

factor for chemotherapy warranted for Asian women has

been carried out, data on patients with HRNBC in Asian

countries are limited.2

E2F1 and E2F2 are transcriptional factors that play a key

role in G1 to S phase transition by attracting numerous

upstream signals.9 E2F1 and E2F2 belong to the activators

of the E2F family. There are eight subtypes in the E2F

family (i.e., E2F1–E2F8), functionally divided into two

groups: activating transcription factors, which predomi-

nantly comprise E2F1, E2F2, and E2F3b, and

transcriptional repressors, which predominantly comprise

E2F4 and E2F5.10,11 E2F6, E2F7, and E2F8 have only

recently been detected, and their functions are not yet

clear.11 E2F1 is especially distinct from other E2F family

members, because its bimodal effect determines whether a

cell will advance through the cell cycle or die via apoptosis.

Its action vis-à-vis proliferation versus apoptosis depends

on the cell type and microenvironmental stimulation.12

E2F1 expression is known to be associated with

chemosensitivity in various tumors. E2F1 expression has
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been found to be associated with improved survival in

patients treated with adjuvant chemotherapy for gastric

cancer and colon cancer.13,14 However, its expression was

associated with poor survival in patients with breast can-

cer.15 Nonetheless, the role of E2F1 as a predictor of

chemosensitivity and improved survival outcome in breast

cancer remains largely uncertain.

The role of E2F2 as a predictive factor has not been

deeply investigated. So far, only one study on breast cancer

has demonstrated the promoting effects of E2F2.16 How-

ever, the mechanism by which E2F2 influences breast

cancer progression has not been elucidated.

This study compares prognosis on the basis of hormone

receptor status and investigates the correlation between

E2F1/E2F2 expression and patient survival. We also

evaluated whether E2F1 and E2F2 could function as pre-

dictive factors for successful therapeutic outcomes in

HRNBC patients who had undergone adjuvant

chemotherapy.

MATERIALS AND METHODS

Patients and Histological Evaluation

The study group included patients who had undergone

surgical resection with primary breast cancer between 1997

and 2002. Patients with distant metastasis or any T4 tumor

at the time of surgery were excluded. Immunohistochem-

ical staining slides for hormone receptors, estrogen

receptor (ER), progesterone receptor (PR), and human

epidermal growth factor receptor-2 (HER2) were re-eval-

uated in all cases. Immunohistochemical staining was done

with labeled streptavidin biotin complex (LSAB) tech-

nique. Primary antibodies for estrogen receptor alpha

(NCL-ER-6F11), progesterone receptor A (NCL-PgR-312.

clone 16), and c-erbB-2 oncoprotein internal domain

(CB11) were used. ER and PR were considered positive if

at least 5% of tumor cells showed nuclear staining. HER2

was considered positive if 2? or 3? was found. Hormone

receptor status was divided into two groups: both ER and

PR negative, defined as hormone-receptor-negative breast

cancer (HRNBC), and ER and/or PR positive, defined as a

hormone receptor (HR)-positive tumor.

Medical reports were also reviewed to retrieve clinical

information regarding demographics, treatment details, and

patient outcome. Most adjuvant chemotherapies were

composed of six cycles of AC (adriamycin 60 mg/m2,

cyclophosphamide 600 mg/m2), CMF (cyclophosphamide

500 mg/m2, methotrexate 40 mg/m2, fluorouracil 600 mg/

m2), and FEC (fluorouracil 700 mg/m2, epirubicin 75 mg/

m2, cyclophosphamide 700 mg/m2) in all HRNBC patients.

Oral tamoxifen (30 mg) was given daily for 5 years in all

HR-positive patients. Each group consisted of patients

treated with the same therapeutic schedule. Finally, a total

of 183 patients were enrolled.

Tumors were staged according to the International Union

against Cancer’s tumor–node–metastasis (TNM) classifi-

cation criteria. Histological grade was divided into grades 1,

2, and 3 according to a modified Bloom and Richardson

grading system. Patient survival was assessed via outpatient

follow-up and telephone interview, and disease recurrence

was confirmed by radiological studies and biopsy. Local

recurrence was defined as regional recurrence in the pri-

mary site. Lymph node metastasis at follow-up was defined

as contralateral or any lymph node metastasis during the

follow-up period after complete surgical resection. Distant

metastasis was defined as metastasis to the bone, liver, lung,

brain, bone marrow, or pleural or pericardial cavity.

Tissue Microarray Block Manufacture

After a case review for diagnostic confirmation, the

tissue microarray (TMA) was constructed. The represen-

tative area was enclosed in a drawn circle. Each paraffin-

embedded block relevant to hematoxylin and eosin slides

was punched out by using a TMA manufacture tool

(Quick-RayTM; Unitma, Seoul, South Korea). A 3-mm-

diameter punch size was used. One core from each paraf-

fin-embedded block was punched out, and 25 cores were

embedded in each TMA block, in a 5 9 5 arrangement. To

evaluate the order of cores, a punch of palatine tonsil was

embedded ahead of each TMA block.

Immunohistochemical Staining

Histological sections (4 lm) of eight tissue microarray

blocks of 10% formalin-fixed, paraffin-embedded materials

were used in this study. The TMA sections were deparaff-

inized in xylene and rehydrated through descending

concentrations of ethanol. Antigen retrieval was achieved

through 2 min of microwave treatment in 0.01 mol/l citrate

buffer (pH 6.0) and 2 h of cooling. Immunohistochemical

staining was performed using a Dako ChemMate kit (Dako,

Glostrup, Denmark), according to the manufacturer’s

instructions. The two primary antibodies used were E2F1

(monoclonal, 1:100 dilution, Santa Cruz Biotechnology,

Santa Cruz, CA) and E2F2 (L-20, 1:50 dilution; Santa Cruz

Biotechnology). The sections were incubated with primary

antibodies at room temperature for 1 h. Each section was

treated sequentially with biotinylated secondary antibody

for 20 min, followed by streptavidin peroxidase for 20 min.

We used a Dako catalyzed signal amplification (CSA)

system, after incubation with E2F1 and E2F2 primary

antibodies for 1 h. The sections were treated with chro-

mogen 3,30-diaminobenzidine tetrahydrochloride, and

thereafter subjected to hematoxylin counterstain treatment.
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A gastrointestinal stromal tumor section previously proven

to have strongly positive staining was processed simulta-

neously, as a positive control for E2F1 and E2F2.

Analyses and Interpretations of Immunohistochemical

E2F1 and E2F2 Expression

The two authors (Nam, ES and Cho, SJ) interpreted the

staining results, and there was close agreement ([90%)

between the investigators. In case of disagreement, final

grading was determined by consensus.

With regard to E2F1 expression, only nuclear staining

was considered positive. Although E2F2 expression was

occasionally found in the nucleus, only cytoplasmic

staining was considered positive. E2F1 was considered to

be positive when [10% of cancer cell nuclei showed

immunostaining, whereas E2F2 was considered to be

positive when [10% of cancer cell cytoplasm showed

immunostaining. These cutoff values were based on pre-

vious studies of breast cancers.15,16

Statistical Analysis

A Pearson’s v2 test was used to evaluate the relation-

ships among clinicopathological variables, hormone

receptor status, and E2F1/E2F2 expression, as well as the

correlation between tumor recurrence and E2F1, E2F2, and

hormone-receptor status. The association between E2F1/

E2F2 expression, hormone receptor status, and overall or

disease-free survival rates was estimated using both a log-

rank and generalized Wilcoxon test. Disease-free survival

was defined as the time from surgery to the first relapse of

breast cancer, the occurrence of a second primary tumor, or

death by any cause. The time of analysis for disease-free

survival was December 2008. Multivariate survival anal-

yses were performed using the Cox proportional hazard

regression model. All calculations were performed using

the Statistical Package for the Social Sciences (SPSS)

software (version 12; SPSS Inc., Chicago, IL), and results

were considered statistically significant when P values were

\0.05.

RESULTS

Clinicopathological Features

The clinical and pathological features of the patients are

listed in Table 1. The median age was 51 years (range, 25–

87 years). The age of 147 patients (80.3%) was\60 years,

while the age of 36 patients (19.7%) was C60 years; the

majority of patients were in their 1950s. Histological

diagnosis was invasive ductal carcinoma (IDC) in 163

(89.1%), invasive lobular carcinoma (ILC) in 11 (6.0%),

and minor histological subtypes in 9 (4.9%). Regardless of

histological type, 34 tumors (18.6%) were grade 1, 103

(56.3%) were grade 2, and 46 (25.1%) were grade 3,

according to a modified Bloom and Richardson grading

system.

Follow-up information was available in all 183 patients,

with the follow-up period ranging from 8 to 130 months.

The 5-year survival rate was 69.62%, and the 10-year

survival rate was 56.63%. Overall, 116 of the 183 patients

were still alive.

HRNBCs constituted a high proportion (65.6%) of IDCs

and were grade 3 tumors in 84.8% (P = 0.001). However,

there was no statistical difference in histological subtypes

TABLE 1 Patient characteristics

Total HR (?) HR (-) P value

n = 183

(%)

n = 62

(%)

n = 121

(%)

Age (years) 0.059

Median (range) 51 (25–87)

\60, n (%) 147 (80.3) 45 (30.6) 102 (69.4)

C60, n (%) 36 (19.7) 17 (47.2) 19 (52.8)

Histological subtype 0.252

IDC 163 (89.1) 56 (34.4) 107 (65.6)

ILC 11 (6.0) 5 (45.5) 6 (54.5)

Othera 9 (4.9) 1 (11.1) 8 (88.9)

Histological grade 0.001b

Grade 1 34 (18.6) 21 (61.8) 13 (38.2)

Grade 2 103 (56.3) 34 (33.0) 69 (67.0)

Grade 3 46 (25.1) 7 (15.2) 39 (84.8)

T stage, n (%) 0.790

T1 (B2 cm) 62 (33.9) 20 (32.3) 42 (67.7)

T2 ([2 cm, B5 cm) 113 (61.7) 40 (35.4) 73 (64.6)

T3 ([5 cm) 8 (4.4) 2 (25) 6 (75)

N stage, n (%)

N0 122 (66.7) 44 (36.1) 78 (63.9) 0.169

N1 24 (13.1) 4 (16.7) 20 (83.3)

N2 37 (20.2) 14 (37.8) 23 (62.2)

Stage, n (%) 0.648

I 42 (23.0) 15 (35.7) 27 (64.3)

IIA 87 (47.5) 30 (34.5) 57 (65.5)

IIB 18 (9.8) 4 (22.2) 14 (77.8)

IIIA 36 (19.7) 13 (36.1) 23 (63.9)

HR (?) hormone receptor status with either estrogen receptor or

progesterone receptor positive, HR (-) hormone receptor status with

both estrogen receptor and progesterone receptor negative
a Mixed invasive ductal and lobular carcinoma = 3, micropapillary

carcinoma = 2, medullary carcinoma = 2, mucinous carcinoma = 2
b Statistically significant, P value \ 0.05
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between HRNBCs and HR-positive tumors (P = 0.252).

The other parameters of age, T stage, N stage, and clinical

stage were not statistically significant in terms of hormone

status (P = 0.059, P = 0.790, P = 0.169, and P = 0.648,

respectively).

Correlation of E2F1 Expression with

Clinicopathological Variables

The clinicopathological characteristics of the patients

with E2F1-positive tumors and E2F1-negative tumors are

summarized in Table 2. Age (\60 vs. C60 years) was not

significantly different between the two groups (P = 0.088).

Of the 163 IDCs, 73 (39.8%) were positive for E2F1

expression, and 4 ILCs (36.4%) were positive. E2F1

expression was observed in 58.8% (20/34), 43.7% (45/

103), and 30.4% (14/46) of the grade 1, grade 2, and grade

3 tumors, respectively. E2F1 expression was higher in

grade 1 than grade 2 and 3, and its expression tended to

decrease as the grade increases (P = 0.040).

The expression level of E2F1 was higher in large tumors

([2 cm) than in small tumors (B2 cm) (P = 0.000). On

the other hand, E2F1 expression was not correlated to

histological type or tumor stage (P = 0.370 and

P = 0.822, respectively). Lymph node metastasis was

observed in 61 of 183 patients (33.3%) at the time of

surgery. There were no significant differences in E2F1

expression between the patients in the node-negative and

node-positive groups (P = 0.916) or by hormonal status

(P = 0.099).

Correlation of E2F2 Expression with

Clinicopathological Variables

E2F2 expression was associated with age (\60 vs.

C60 years) (P = 0.001); E2F2 expression was lower in the

patients who were C60 years than in those who were

\60 years. E2F2 expression did not vary statistically sig-

nificantly with histological grade (P = 0.687). E2F2

expression tended to increase with increasing tumor size

(P = 0.007), whereas its expression did not vary sta-

tistically significantly with histological type, tumor

stage, lymph node metastasis or hormonal status

TABLE 2 Clinicopathological features associated with E2F1 and E2F2 expression

Total E2F1 (?) E2F1 (-) P E2F2 (?) E2F2 (-) P
n = 183 (%) n = 79 (%) n = 104 (%) n = 66 (%) n = 117 (%)

Age (years) 0.088 0.001a

\60 147 (80.3) 68 (46.3) 79 (53.7) 62 (42.2) 85 (57.8)

C60 36 (19.7) 11 (30.6) 25 (69.4) 4 (11.1) 32 (88.9)

Histological type 0.370 0.145

IDC 163 (89.1) 73 (39.8) 90 (55.2) 56 (34.4) 107 (65.6)

ILC 11 (6.0) 4 (36.4) 7 (63.6) 4 (36.4) 7 (63.6)

Others 9 (4.9) 2 (22.2) 7 (77.8) 6 (66.7) 3 (33.3)

Histological grade 0.040a 0.687

Grade 1 34 (18.6) 20 (58.8) 14 (41.2) 12 (35.3) 22 (64.7)

Grade 2 103 (56.3) 45 (43.7) 58 (56.3) 35 (34.0) 68 (66.0)

Grade 3 46 (25.1) 14 (30.4) 32 (69.6) 19 (41.3) 27 (58.7)

Stage 0.822 0.234

I–IIA 129 (70.5) 55 (42.6) 74 (57.4) 43 (33.3) 86 (66.7)

IIB–III 54 (29.5) 24 (44.4) 30 (55.6) 23 (42.6) 31 (57.4)

Tumor size (cm) 0.000a 0.007a

B2 62 (33.9) 15 (24.2) 47 (75.8) 14 (22.6) 48 (77.4)

[2 121 (66.1) 64 (52.9) 57 (47.1) 52 (43.0) 69 (57.0)

Lymph nodes 0.916 0.514

Positive 61 (33.3) 26 (42.6) 35 (57.4) 24 (39.3) 37 (60.7)

Negative 122 (66.7) 53 (43.4) 69 (56.6) 42 (34.4) 80 (65.6)

Hormone receptor 0.099 0.907

ER (?) or PR (?) 62 (33.9) 32 (51.6) 30 (48.4) 22 (35.5) 40 (64.5)

ER (-) and PR (-) 121 (66.1) 47 (38.8) 74 (61.2) 44 (36.4) 77 (63.6)

IDC invasive ductal carcinoma, ILC invasive lobular carcinoma, ER estrogen receptor, PR progesterone receptor
a Statistically significant, P value \0.05
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(P = 0.145, P = 0.234, P = 0.514, and P = 0.907,

respectively) (Table 2).

Correlation of E2F1 and E2F2 Expression and

Hormone-Receptor Status with Disease Recurrence

During follow-up, 16 patients (8.7%) had local recur-

rence, 36 (19.7%) had lymph node metastases during the

postsurgery follow-up period, and 38 (20.8%) had distant

metastases (Table 3). Interestingly, the E2F1-expression

group had less local recurrence (P = 0.039), lymph node

metastasis during the follow-up period (P = 0.005), and

distant metastases (P = 0.001) than the E2F1-negative

group.

However, E2F2 expression was not correlated with local

recurrence, lymph node metastasis during the follow-up

period, or distant metastasis (P = 0.900, P = 0.248, and

P = 0.305, respectively).

The HRNBC patients experienced more lymph node

metastasis during postsurgery follow-up, whereas the

patients with HR-positive tumors had less lymph node

metastasis (P = 0.001). Hormone receptor status was not

statistically associated with local recurrence or distant

metastasis (P = 0.432 and P = 0.470, respectively).

Relationship of E2F1 and E2F2 Expressions and

Hormone Receptor Status with Disease-Free and

Overall Survival Rates on Univariate Analysis

The variables tested at the univariate level included

E2F1 and E2F2 expression and hormone receptor status

(Table 4). Wilcoxon statistical survival curves were con-

structed to assess the prognostic significance of E2F1 and

E2F2 expressions and HR negativity. The E2F1-positive

group was significantly associated with better disease-free

survival compared with the E2F1-negative group: the

patients in the E2F1-positive group had longer disease-free

survival periods (median 120 months) than those in the

E2F1-negative group (median 58 months) (P = 0.0014)

(Figs. 1, 2a). The overall survival periods of patients in the

E2F1-positive breast cancer group (median 120 months)

were significantly better than those of patients in the E2F1-

negative breast cancer group (median 89 months)

(P = 0.0021) (Fig. 2b).

There was no statistically significant association

between E2F2 expression and disease-free or overall sur-

vival (p = 0.1584 and p = 0.0872, respectively), whereas

hormone-receptor-positive status was associated with bet-

ter and longer disease-free and overall survival than in

HRNBC patients (P = 0.0219 and P = 0.0022, respec-

tively) (Figs. 2c, d).

Correlation Between E2F1 and E2F2 Expression and

Outcome of Adjuvant Chemotherapy on Multivariate

Analyses

Using backward stepwise Cox regression, E2F1 and

E2F2 expressions were tested in terms of their influence on

disease-free and overall survival in HRNBC patients

(Table 5). E2F1 was the sole independent predictive factor

for clinical outcome of hormone-receptor-negative patients

treated with adjuvant chemotherapy. E2F1 expression was

associated with more favorable disease-free survival and

overall survival rates, compared with E2F1 negativity

[P = 0.001, hazard ratio = 0.327, 95% confidence interval

(95% CI) 0.179–0.598; and P = 0.001, hazard

ratio = 0.273, 95% CI 0.137–0.547, respectively]. How-

ever, E2F2 expression did not have any effect on disease-

free or overall survival (P = 0.923 and P = 0.671,

respectively).

TABLE 3 Associations among E2F1/E2F2 expression and hormone receptor status with disease recurrence

Total E2F1 (?) E2F1 (-) P E2F2 (?) E2F2 (-) P HR (?) HR (-) P
n = 183

(%)

n = 79

(%)

n = 104

(%)

n = 66

(%)

n = 117

(%)

n = 62

(%)

n = 121

(%)

Local recurrence 0.039a 0.900 0.432

Yes 16 (8.7) 3 (18.8) 13 (81.2) 6 (37.5) 10 (62.5) 4 (25) 12 (75)

No 167 (91.3) 76 (45.5) 91 (54.5) 60 (35.9) 107 (64.1) 58 (34.7) 109 (65.3)

LN metastasis at follow-

up

0.005a 0.248 0.001a

Yes 36 (19.7) 8 (22.2) 28 (77.8) 10 (27.8) 26 (72.2) 4 (11.1) 32 (88.9)

No 147 (80.3) 71 (48.3) 76 (51.7) 56 (38.1) 91 (61.9) 58 (39.5) 89 (60.5)

Distant metastasis 0.001a 0.305 0.470

Yes 38 (20.8) 7 (18.4) 31 (81.6) 11 (28.9) 27 (71.1) 11 (28.9) 27 (71.1)

No 145 (79.2) 72 (49.7) 73 (50.3) 55 (37.9) 90 (62.1) 51 (35.2) 94 (64.8)

LN lymph node, HR hormone receptor
a Statistically significant, P value \0.05

568 M. J. Kwon et al.



DISCUSSION

The main prognostic factors associated with breast

cancer are the number of lymph nodes involved, tumor

size, histological grade, and hormone receptor status.17

However, after determining the stage, histological grade,

and hormone receptor status, the tumor can behave in an

unexpected manner, and the prognosis can therefore be

changed.17 Other prognostic and predictive factors have

been studied in an effort to explain this phenomenon; we

found that E2F1 could be used as a predictive factor for

patient survival outcome following adjuvant chemother-

apy. The promise of this predictive factor is especially

significant for HRNBC patients, because they have few or

no adjuvant systemic treatments other than chemotherapy.

In the E2F family, only E2F1 seems to be involved in a

dual promoting and apoptotic effect.11,12 In normal cellular

physiology, E2F1 modulates diverse cellular functions

such as DNA synthesis, mitosis, and apoptosis.10–12 In

tumorigenesis, E2F1 acts either as an oncogene or as a

tumor suppressor gene, depending on the tumor type and

predominant signal.10–12 Overexpression of E2F1 is sig-

nificantly associated with higher tumor proliferation and

greater invasive ability. In previous studies, E2F1 has been

shown to act as an oncogene, and it has a tumor-promoting

effect in small cell lung cancer and breast, thyroid, and

ovarian epithelial cancers.17–20 On the other hand, its

tumor-suppression effect has been studied in colon and

bladder cancers.21,22

In an earlier study, E2F1 was thought to act as a tumor

suppressor in breast cancer, and its downregulation was

considered likely to be associated with the metastatic pro-

cess.23 With advances in molecular methods, many studies

have since demonstrated that E2F1 acts as an oncogene in

breast cancer.24 In our study, E2F1 expression increased

with tumor size; this explained the fact that E2F1 displays

proliferation activity in the tumorigenesis of breast cancer.

E2F1 expression has been associated with chemosensi-

tivity in several kinds of tumors, e.g., fibrosarcoma,

pancreatic cancer, and gastric cancer, and it would be

expected that E2F1-expressed tumors would respond to

chemotherapy better than E2F1-negative tumors.13,25,26

Also the patients with E2F1-expressed tumors showed

better survival or therapeutic outcomes, suggesting that the

apoptotic effect of E2F1 and chemotherapy produce a

synergistic effect against tumors.13 The current study also

found that the E2F1-expressed group experienced less

disease recurrence during the postsurgery follow-up period

and enjoyed more favorable prognoses than those with

E2F1-negative tumors. In multivariate analyses, E2F1

expression was an independent factor predicting favorable

survival outcomes among HRBNC patients treated with

adjuvant chemotherapy.

Previous studies related to E2F1 expression and patient

survival after chemotherapy showed controversial results.

Lee et al.13 revealed that E2F1 immunopositivity predicted

a more favorable survival rate in a study of 467 gastric

cancer patients treated with adjuvant chemotherapy. Han

et al.15 also presented data proving poor survival rates

among 165 low-E2F1-expression patients with lymph-

node-positive breast cancer undergoing adjuvant chemo-

therapy. However, they did not differentiate the effect of

TABLE 4 Univariate analyses of disease-free and overall survival

Parameters Total, n (%) Disease-free

survival

Overall

survival

n = 183 P P

E2F1 0.0014a 0.0021a

Positive 79 (43.2)

Negative 104 (56.8)

E2F2 0.1584 0.0872

Positive 66 (36.1)

Negative 117 (63.9)

Hormone receptor 0.0219a 0.0022a

Positive 62 (33.9)

Negative 121 (66.1)

a Statistically significant, P value \0.05

FIG. 1 E2F1 and E2F2

expression in breast cancer. a
Immunohistochemical staining

for E2F1 shows nuclear

positivity in invasive ductal

carcinoma of breast. b
Immunohistochemical staining

for E2F2 shows cytoplasmic

positivity and a few positive

nuclei in invasive ductal

carcinoma of breast
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E2F1 on HRNBCs from that on hormone-receptor-positive

tumors. In the current study, the correlation of E2F1 with

large tumor size is considered to be caused by the pro-

liferative activity of E2F1 as an oncogene; meanwhile, the

action of E2F1 as a predictor of favorable survival out-

come after chemotherapy leads to the hypothesis that

E2F1-expressing tumor cells are more sensitive to che-

motherapy and increase apoptotic activity. These dual

proliferative and apoptotic activities of E2F1 were con-

sistent with the findings of previous in vitro and in vivo

studies.27

E2F2 expression was more predominant among young

patients and those with large tumors. Unlike E2F1, E2F2

did not predict tumor recurrence or survival outcome. E2F2

is one of the activators of the E2F family, and it is asso-

ciated with tumor progression in breast cancer; however,

E2F2 is known not to have an apoptotic capacity.28 Inter-

estingly, in the current study, E2F2 was related to age. The

tumors arising in young patients (i.e.,\60 years) expressed

more E2F2. This E2F2–age correlation is inexplicable; we

had presumed that E2F2 would be related to tumor pro-

gression among younger patients. Because there have been

few studies on the effects of E2F2, further investigation of

the role of E2F2 in breast cancer is needed.

In conclusion, we recommend E2F1 as a potential

prognostic and predictive factor that predicts clinical out-

come and therapeutic results following adjuvant

chemotherapy in HRNBC patients. Further large cohort

studies into E2F1 and chemosensitivity are required with

respect to HRNBCs.
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