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Background: To identify whether a stem cell biomarker, KLF4, may predict the pathologic tumor 

response to neoadjuvant chemotherapy for patients with locally advanced breast cancer.

Methods: Twelve locally advanced breast cancer patients who achieved pathologic complete 

remission (pCR) after neoadjuvant chemotherapy were identified and for each, three non-pCR 

breast cancer patients – matched for age, clinical tumor–node–metastasis stage, and neoad-

juvant chemotherapy cycles – were selected. The relationship between KLF4 expression in 

the core needle biopsied cancer tissue and patient pCR rate was assessed using univariate and 

multivariate analysis.

Results: Receiver operating characteristic curve analysis showed that the patients with a his-

toscore of KLF4 expression .0.18 had a lower pCR rate. Multivariable analysis showed that 

higher KLF4 expression (odds ratio 0.013; 95% confidence interval 0.013–0.444; P=0.004) was 

independently correlated with a lower pCR rate after neoadjuvant chemotherapy.

Conclusion: KLF4 overexpression was associated with lower pCR in locally advanced breast 

cancer patients undergoing neoadjuvant chemotherapy. This study suggests that KLF4 may serve 

as a predictor for pCR in patients with breast cancer after neoadjuvant chemotherapy.

Keywords: locally advanced breast cancer, predictor, stem cell biomarker, pathologic tumor 

response

Introduction
Breast cancer is a leading cause of morbidity and mortality among female cancer 

patients worldwide.1 Great improvements have been achieved in breast cancer 

treatment; studies and clinical practices on chemotherapy have contributed a lot 

and neoadjuvant chemotherapy has been proven to increase the radical excision 

rate and breast conservation rate, and those who achieved pathologic complete 

remission (pCR) gain a much better prognosis. However, in less responsive cases, 

there may be risk in delaying surgery. The National Surgical Adjuvant Breast and 

Bowel Project B-18 trial revealed that only 13% of the breast cancer patients who 

achieved pCR could achieve better overall survival, while 20% of the patients who 

had no response to neoadjuvant chemotherapy may have led to worse survival.2 These 

results make it important to find out whether there are some special hallmarks that 

may predict the response to neoadjuvant chemotherapy in locally advanced breast 

cancer patients.
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Some reports have suggested that a few molecular mark-

ers, such as ER or HER2, may be related to the therapeutic 

response; however, the clinical usefulness of these markers 

remains uncertain or controversial.3,4 Thus, identifying factors 

that can predict the efficacy of neoadjuvant chemotherapy is 

essential for decision making in the management of patients 

with breast cancer.

It is well known that the efficacy of chemotherapy for 

malignant tumors differs a lot, but the exact reasons that 

may impact the effect of anticancer drugs remain unclear. 

A growing number of reports show that a higher proportion 

of cancer stem cells (CSCs) correlates with an increased 

incidence of relapse due to chemotherapy-resistant outgrowth 

and worse overall survival.5 In addition, resistant CSCs have 

the ability to reinitiate disease either immediately after treat-

ment or after significant dormancy.6

In recent years, it has been reported that the transcrip-

tion factor KLF4 and three other transcription factors – 

Oct4, c-Myc, and Sox2 – are capable of reprogramming 

fibroblasts into induced pluripotent stem cells, hinting that 

KLF4 is indispensable for the maintenance of stem cells.7,8 

Furthermore, forced expression of KLF4 has demonstrated 

a role in self-renewal.9,10 Studies have also shown that KLF4 

is essential for maintaining CSCs and for promoting migra-

tion and invasion, resulting in tumor formation in vivo.11 

 However, whether KLF4 may influence the tumor response to 

chemotherapy has not been studied. The present study sought 

to identify whether transcription factor KLF4 can predict 

pathologic tumor response to neoadjuvant chemotherapy in 

locally advanced breast cancer.

Materials and methods
study design
Approval to utilize the authors’ institution’s breast cancer 

database and tissue bank was obtained from the institutional 

internal review board. From June 2002 to December 2010, 

1,135 patients with breast cancer underwent surgery 

at the Department of Surgical Oncology, Sir Run Run 

Shaw  Hospital, Zhejiang University College of Medicine 

(Hangzhou, People’s Republic of China). Among them, 318 

patients underwent neoadjuvant chemotherapy followed 

by surgery, and among the patients who had achieved pCR 

after three to four cycles of neoadjuvant chemotherapy, 

only 12 patients’ remaining core needle biopsy tissue 

was available for immunohistochemical (IHC) staining 

in the study. For each of the 12 patients, three breast can-

cer patients who did not achieve pCR were selected as 

controls and were matched according to age (±2 years), 

clinical  tumor–node–metastasis stage, and neoadjuvant 

chemotherapy cycles. Therefore, a total of 48 patients were 

enrolled in the present study.

All of the 48 patients were pathologically diagnosed through 

core needle biopsy; the clinical stage was evaluated using the 

seventh edition Union for International Cancer Control/

American Joint Committee on Cancer system. These patients 

received three or four cycles of neoadjuvant chemotherapy, 

and none of them underwent neoadjuvant endocrine therapy 

and/or radiation therapy. Thirty-nine patients (83.3%) had 

undergone a modified radical mastectomy, while nine patients 

(16.7%) received breast conservation therapy  (lumpectomy 

with tumor-free margin, axillary lymph node dissection, and 

breast radiation). After surgery, the patients continued to com-

plete the chemotherapy regimens as planned.

ihc
IHC staining for KLF4 expression was performed on 

formalin-fixed, paraffin-embedded sections of core needle 

biopsy specimen. The slides were deparaffinized in xylene 

and rehydrated in gradient ethanol solutions. Endogenous 

peroxidase was blocked with 0.3% H
2
O

2
 in methanol for 

5 minutes. The slides were immersed in 10 mM citric buffer 

(pH 6.0) with heating for 15 minutes for antigen retrieval. 

Nonspecific binding was blocked by preincubation with 

10% fetal calf serum in phosphate-buffered saline with 

0.01% sodium azide, and the slides were incubated in a 

humid chamber for 1 hour with polyclonal rabbit anti-KLF4 

antibody (ab72543; Abcam plc, Cambridge, UK). After 

washing three times in phosphate-buffered saline, the slides 

were incubated with the EnVision™ horseradish peroxidase 

complex (undiluted; Agilent Technologies, Santa Clara, 

CA, USA) for 60 minutes. The slides were visualized with 

diaminobenzidine (Agilent) and then counterstained with 

hematoxylin, dehydrated, cleared, and mounted with resinous 

mounting medium. The positive control was skin tissue that 

was known to exhibit high expression levels of KLF4. The 

negative control was the same skin tissue, with phosphate-

buffered saline replacing the KLF4 antibody during the IHC 

staining. Most of the biopsy samples contained some adjacent 

noncancerous tissue, though not a lot, and the IHC staining 

in the study found that all of the noncancerous tissue had 

low/negative KLF4 expression.

ihc analysis
The immunoreac t iv i ty  of  KLF4 was  assessed 

according to the intensity and distribution of cell cytoplasm 

staining by diaminobenzidine chromogen. Cell cytoplasm 
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staining  intensity was scored using a weighted histoscore 

method.12 The intensity of staining was graded as 3+ (dark 

brown; strongly positive), 2+ (brown; moderately positive), 

1+ (light brown; weekly positive), and negative. The final 

histoscores were calculated as follows: (1× percentage of 

cells staining light brown) + (2× percentage of cells staining 

brown) + (3× percentage of cells staining dark brown).

Scoring was undertaken by two independent pathologists 

who did not know the clinical outcomes. Discrepant scoring 

was reevaluated by the two pathologists and agreement was 

reached after appropriate discussion.

assessment of pathologic response
After surgery, all tumor specimens were examined by the 

pathologists. Patients with pCR were defined as those who 

had noninvasive or in situ cancer in the breast specimen as 

well as those in whom no residual cancer was identified, 

regardless of the status of the axillary lymph node.13

Follow-up
Adjuvant sequential systemic chemotherapy, conserved 

breast and/or axillary irradiation, and endocrine therapy 

were accordingly offered and administered as indicated per 

current standard of care. Surveillance protocol consisted 

of a history and physical examination every 3 months 

for 3 years, every 6 months in the following 2 years, and 

annually thereafter. A complete physical examination, chest 

X-ray, mammogram, annual mammogram, and complete 

blood workup were performed for each patient. Additional 

imaging, including computed tomography, positron emis-

sion tomography, and magnetic resonance imaging were 

performed when indicated. All of the patients were followed 

up until October 2013. The median follow-up period was 

55.7 months. During the follow-up, 34 patients were still 

alive and 14 patients had died.

statistical analysis
All statistical calculations were carried out using SPSS 16.0 

for Windows® (SPSS, Inc., Chicago, IL, USA). Chi-square or 

Fisher’s exact tests were used to determine the significance 

of associations between pathologic findings and categoric 

variables. The median age was analyzed by the independent 

samples t-test. A receiver operating characteristic curve was 

constructed to define the cutoff value for the various continuous 

variables that were correlated with predicting pCR. Logistic 

regression analysis was used to identify correlations between 

pathologic response and continuous variables. Multivariate 

analyses were used to identify correlations between pathologic 

response and all potential parameters involved using a binary 

logistic regression model. The Kaplan–Meier survival method 

and the log-rank test were used to generate and compare sur-

vival curves. Multivariate analyses were performed using the 

Cox proportional hazard regression models. Risk ratios and 

95% confidence intervals were calculated from the model. 

P,0.05 was considered to indicate a significant difference.

Results
pcr after neoadjuvant chemotherapy 
predicts better survival
Twelve patients who achieved pCR through neoadjuvant 

chemotherapy and 36 patients who did not achieve pCR were 

studied. The age, clinical tumor–node–metastasis stage, and 

neoadjuvant chemotherapy cycles were well matched, and there 

were no significant differences in the major clinical and patho-

logic parameters between the two groups (Table 1).

Overall survival in the pCR group and the non-pCR 

group was compared, with a median follow-up period of 

55.7 months. The 5-year survival rate was significantly higher 

in the pCR group (91.7%) than in the non-pCR group (61.1%; 

P=0.034) (Figure 1).

high KlF4 expression in breast  
cancer predicts lower pcr rate
The average KLF4 expression histoscore was 1.02, with a 

range of 0–2.70 (Figure 2). The pCR group had a lower KLF4 

histoscore of 0.24±0.49, and the non-pCR group had a higher 

KLF4 histoscore of 1.28±0.94 (P=0.001).

Using receiver operating characteristic analysis, a KLF4 

histoscore cutoff level of 0.18 was found. The sensitivity and 

specificity of this cutoff value in predicting tumor pCR was 

75.0% and 83.3%, respectively. Consequently, the correla-

tion between KLF4 histoscores ($0.18 and ,0.18) and pCR 

rate was investigated by chi-square statistical analysis. It was 

found that the high KLF4 expression group had a lower pCR 

rate (P,0.001; Table 2).

In multivariate analysis, while controlling for other vari-

ables studied in univariate analysis, KLF4 expression was found 

to be independently correlated with pCR (odds ratio 0.013; 95% 

confidence interval 0.013–0.444; P=0.004) (Table 3).

high KlF4 expression predicts  
worse outcome
The median survival duration in patients who had a tumor 

with low or high KLF4 expression was 78 months and 

47 months, respectively. Elevated KLF4 expression was 
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 associated with inferior disease-free survival (P=0.044; 

 Figure 3A), but KLF4 expression did not significantly con-

tribute to overall survival (P=0.419; Figure 3B).

Discussion
Understanding tumor biology is essential for early diagnosis 

of cancers, decision making for cancer treatment strategies, 

and developing target specific cancer therapies. There is 

evidence to suggest that transcription factor KLF4 plays 

a crucial role in the progression of breast carcinoma,14 

squamous cell carcinoma,15 lung cancer,16 and colon cancer.13 

Therefore, KLF4 is a potential diagnostic marker, prognostic 

factor, or target for novel therapy.

To the authors’ knowledge, this is the first study to 

investigate whether KLF4 is a predictor for breast cancer 

response to neoadjuvant chemotherapy. The results show 

that the clinical and pathologic features of the pCR patients 

appeared to be similar to the non-pCR controls. The 5-year 

survival rate was significantly higher in the pCR group, and 

this result is consistent with that of the National Surgical 

Adjuvant Breast and Bowel Project B-18 trial.2 Receiver 

operating characteristic curve analysis showed that the his-

toscore of KLF4 expression, with 0.18 as the cutoff value, 

could best differentiate between pCR and non-pCR. In 

multivariate analysis, high KLF4 expression was found to 

be independently correlated with a lower pCR rate.

It is well known that more cycles of neoadjuvant che-

motherapy and the addition of docetaxel to anthracyclines 

could significantly increase pathologic response rates in both 

ER-positive and ER-negative breast cancer patients.17,18 In the 

present study, the impact of these two important factors was 

eliminated, so KLF4 was demonstrated as an independent 

predictor for pCR.

It has been widely confirmed that CSCs play an impor-

tant role in resistance to conventional chemotherapies 

compared with the more differentiated cells in the non-CSC 

 compartment. There have been several studies implicating 

CSCs as being chemotherapy resistant in a variety of 

Table 1 Analysis of various factors that may influence the 
outcome of neoadjuvant chemotherapy (chi-square test)

pCR 
(n=12)

non-pCR 
(n=36)

P-value

age 47.8±6.8 47.5±9.4 1.0
aJcc cTnM stage 1.0
 ii 7 21
 iii 5 15
neoadjuvant chemotherapy cycles 1.0
 Three cycles 7 21
 Four cycles 5 15
er 0.302
 Positive ($1%) 3 15

 negative (,1%) 9 21
Pr 0.499
 Positive ($10%) 4 18

 negative (,10%) 8 18
her2 0.441
 Positive 2 10
 negative 10 26
Ki67 0.316
 Positive ($14%) 8 20

 negative (,14%) 4 16
cn stage 0.309
 0 9 16
 1 2 13
 2 1 5
 3 0 2
Tumor grade 0.399
 1 3 6
 2 3 17
 3 6 13
neoadjuvant chemotherapy  
regimen

0.104

 anthracyclines based 9 15
  anthracyclines  

combined with taxane
3 16

 Others 0 5
Operation procedure 0.135
 Mastectomy 8 31
 Breast-conserving surgery 4 5

Abbreviations: aJcc, american Joint committee on cancer; cn, clinical node; 
cTnM, clinical tumor–node–metastasis; pcr, pathologic complete remission.

1.0

OS

0.6

C
u

m
u

la
ti

ve
 s

u
rv

iv
al 0.8 pCR

Non-pCR

P=0.034

0.4

0.2

0 20 40 60

Months since diagnosis

80 100 120 140

Figure 1 Kaplan–Meier survival analysis for locally advanced breast cancer patients 
who received neoadjuvant chemotherapy according to different pathologic response.
Abbreviations: Os, overall survival; pcr, pathologic complete remission.
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 different cancers, such as breast cancer,19 pancreatic cancer,20 

hepatocellular carcinoma,21 and colon cancer.22

One possible reason why KLF4 overexpression was an 

independent predictor for lower pCR rate might be related to 

its contribution in increasing breast CSCs. KLF4 has been 

widely demonstrated to be necessary for the reprogramming 

of differentiated cells into pluripotent stem cells and the 

maintenance of breast CSCs.6 Furthermore, KLF4 promotes 

self-renewal of CSCs and may increase the risk of distant 

metastasis.23 In vitro studies demonstrated that KLF4 knock-

down significantly delayed tumor development of breast cancer 

cells in a xenograft mouse model. In addition, downregulation 

of KLF4 significantly decreased CSC-enriched populations 

by using several different CSC markers (eg, CD44+/CD24−, 

ESA+/PROCR+). Knockdown of KLF4 decreased tumori-

genesis in NOD/SCID mice, supporting an important role of 

KLF4 in the maintenance of breast CSCs.11

There are a few contradictory studies debating whether 

some other factors may have the ability to predict 

the tumor response to chemotherapy in breast cancer. 

Retrospective  studies by Li et al24 and Colleoni et al25 

reviewed locally advanced breast cancer patients who had 

received neoadjuvant chemotherapy with docetaxel and/or 

epirubicin. They found that ER/PR status (both negative), 

but not HER2 or Ki67, were independent predictive factors 

of pCR to neoadjuvant chemotherapy. However, an earlier 

retrospective study indicated that ER-rich patients had a 

significantly higher response rate to chemotherapy,26 and 

another retrospective study by Tiezzi et al suggested that IHC 

phenotypes were not able to predict response to neoadjuvant 

chemotherapy with docetaxel plus epirubicin.4 In the pres-

ent study, no significant differences in ER, PR, HER2, and 

Ki67 expression were found between the pCR group and 

the non-pCR group. ER/PR status has an established role in 

determining the tumor response to hormonal therapy, but its 

role in predicting response to chemotherapy is less clear.

Figure 2 immunohistochemical KlF4 staining in normal skin tissue (A, B) and in primary biopsy tissues of human breast cancer (C–F).
Notes: Positive control (tissue known to have strong KlF4 expression) at (A) 100× and (B) 400× magnification. High KLF4 expression at (C) 100× and (D) 400× 
magnification. Low KLF4 expression at (E) 100× and (F) 400× magnification.

Table 2 chi-square statistical analysis to identify KlF4 expression 
and pathologic complete remission

pCR non-pCR P-value

KlF4 high ($0.18) 2 (16.7%) 27 (75%) ,0.001
KlF4 low (,0.18) 10 (83.3%) 9 (25%)

Abbreviation: pcr, pathologic complete remission.

Table 3 Multivariate logistic analysis to identify predictors of 
pathologic complete remission in locally advanced breast cancer 
patients with neoadjuvant chemotherapy

OR 95% CI P-value

KlF4 ($0.18 versus ,0.18) 0.077 0.014–0.415 0.003
er (positive versus negative) 1.317 0.159–10.900 0.798
Pr (negative versus positive) 0.430 0.066–2.817 0.379
her2 (positive versus negative) 0.278 0.038–2.028 0.207
Ki67 ($14% versus ,14%) 2.853 0.497–16.361 0.239

Abbreviations: CI, confidence interval; OR, odds ratio; pCR, pathologic complete 
remission.
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Furthermore, the value of KLF4 in predicting breast 

cancer survival was observed in the present study. Elevated 

KLF4 expression resulted in worse disease-free survival, but 

no significant impact on overall survival was indicated. This 

may be because the follow-up time was not long enough. The 

fact that KLF4 overexpression resulted in worse survival has 

been demonstrated by many clinical data, and the reason has 

been widely discussed. Some recent studies suggested that 

KLF4 participates in many signaling pathways that support 

multiple aggressive traits in breast cancer, such as mainte-

nance of high glycolytic metabolism27 and upregulation of 

Notch signaling.11,28 The present study indicates that high 

KLF4 expression leads to a worse outcome possibly due to 

resistance of chemotherapy.

KLF4’s utility may not be in its use as a single predictor, 

but rather as part of a larger array of molecular markers 

for predicting response to neoadjuvant chemotherapy for 

locally advanced breast cancer. The authors plan to study 

the potential mechanism of how KLF4 influences the 

response of breast cancer cells to chemotherapy in vitro, 

with the aim of finding some targets with the aim of find-

ing some therapeutic targets to improve the efficacy of 

chemotherapy.

Conclusion
This study was the first to identify that breast cancer patients 

with low KLF4 expression rather than high expression 

benefit more from neoadjuvant chemotherapy, and suggests 

that KLF4 may serve as a predictive biomarker for pCR in 

patients with locally advanced breast cancer after neoadju-

vant chemotherapy. The findings from these case–control 

retrospective data indicate the need for a larger, prospective 

clinical trial.
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