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Abstract Kruppel-like factors (KLFs) are import modulators
of cell proliferation, differentiation, and transformation and
have recently been considered possible prognostic factors in
breast cancer. In this study, we investigated the correlation
between KLF4 and KLF5 expression and the clinical
manifestations of breast cancer by immunohistochemical
analysis. We observed increased KLF4 and KLF5 expression
in tumor cells (invasive and in situ carcinomas), consistent
KLF4 and KLFS5 expression in in situ and invasive carcino-
mas, significant associations between KLF4 expression and
tumor grade (p=0.033), size (p=0.035) and stage (p=0.006),
and an association between KLF5 expression and tumor
grade (p=0.033). Interestingly, we observed a relationship
between increasing age and KLF4 expression (p=0.007),
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with a tendency towards greater expression in tumor cells in
patients over 50 years old. Moreover, KLF5 nuclear
localization was restricted to non-tumor breast ducts and
lobules; however, loss of nuclear expression of KLF5 in in
situ and invasive carcinomas was observed. Although the
mechanism of the loss of KLF5 nuclear expression is not
clear, this phenomenon may imply a possible tumor-
suppressor-like role for KLFS5 in breast cancer tumorigenesis.
The expression of KLF4 and KLF5 in breast cancer patients
in Taiwan is similar to that in Western countries, except for
the uncertainty surrounding its prognostic significance.
Further clarification of the underlying mechanisms of
KLF4 and KLF5 expression and their correlations with
breast cancer outcomes is necessary.
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Abbreviations

DCIS ductal carcinoma in situ
KLF  Kruppel-like factors
KLF4 Kruppel-like factor 4
KLF5 Kruppel-like factor 5
Introduction

Breast cancer, a leading cause of cancer-related death
worldwide, is the fourth-leading cause of cancer deaths in
Taiwanese women. A tendency towards increased incidence
in younger women (29.3% in those <40 years old) has been
found in a large study of 830 breast cancer cases in Taiwan,
and more aggressive clinical behavior in the younger
patients was also noted [1]. New molecular markers of
breast cancer have been proposed, and they provide
potential targets for new and effective treatment strategies
for breast cancer.

Kruppel-like factors (KLFs), a group of zinc-finger-like
transcription factors, play important roles in the regulation
of cell proliferation, differentiation and embryogenesis [2—
5] and have been suggested as possible markers of tumor
invasion, metastasis, and prognosis in breast cancers [4-9].
However, most of the studies have been confined to
populations from Western countries [6, 7], but none has
focused on Asian populations.

KLF4 and KLF5 exert different and often opposing
effects on the regulation of gene transcription and cellular
proliferation. KLF4 has both tumor suppressor and tumor-
promoting functions in different cancers [10—12]; it can
promote the proliferation of cancer cells and regulate the
production of the extracellular matrix [13]. KLF4 interacts
with p53 and p21, causing the cell cycle to remain at the
G1/S and G2/M checkpoints [10], and it has an oncogenic
effect because of the action of oncogenic RASY'? and the
RAS target cyclin-D1 [11]. In breast cancer, increased
KLF4 expression in ductal carcinoma in situ and invasive
carcinoma has been found in both in vitro and in vivo
studies; thus, a possible tumorigenesis role has been
suggested [14, 15]. The nuclear localization of KLF4
expression in breast cancer patients may be associated with
more aggressive clinical manifestations [6].

KLFS5 also possesses both tumor suppressor and oncogenic
functions in other human malignancies [2, 10, 16]. KLF5 can
facilitate the proliferation and transformation of cancer cells
[17]. Some of the results of in vitro and in vivo studies of
KLF5 in breast cancer differ, and the expression mechanism
remains to be elucidated [16, 18]. Chen and colleagues found

@ Springer

that the KLF5 gene was deleted in about 43% of breast
cancer cell lines, and KLF5 has been proposed to play a
tumor-suppressor role in breast cancer [16]. According to
tissue microarray and immunohistochemistry, however,
KLF5 expression is upregulated in clinical breast-tumor
samples [18]. Tong et al. found that increased expression of
KLFS5 is a poor prognostic factor and is positively correlated
with the expression of HER-2/neu and Ki-67 in breast cancer
[7]. In addition, KLF5 expression is increased in breast
cancer patients younger than 50 years of age.

On the basis of the roles of KLF4 and KLF5 in cell
proliferation and their possible clinical significance, we
hypothesized that KLF4 or KLF5 expression is associated
with the clinical manifestations of breast cancer. We
analyzed the correlation between KLF4 and KLF5 expres-
sion and clinicopathological features in 60 breast cancer
patients by immunohistochemistry.

Materials and Methods
Patients and Specimens

Sixty female patients diagnosed with breast invasive
carcinoma at the Changhua Christian Hospital between
2003 and 2007 were included in this study. Their clinical
data and pathological features were obtained from their
chart records and were reviewed. All of the patients
underwent primary surgical resection with chemotherapy,
radiotherapy, or hormone therapy; the follow-up period
ranged from 8 to 59 months (mean, 27 months). Surgical
specimens were obtained and fixed in 10% neutral-buftered
formalin and embedded in paraffin. Standard hematoxylin
and eosin staining was then performed, and one represen-
tative paraffin specimen of each case that exhibited the
coexistence of ductal carcinoma in situ, invasive carcinoma,
and non-tumor breast ducts and lobules was selected for
evaluation. This study was approved by the Institutional
Review Board and the Ethics Committee, and written
informed consent was obtained from all 60 patients.

Immunohistochemical Study of Breast Cancer

The antibodies used in this study were anti-KLF4 (Santa
Cruz, sc-20691, dilution: 1:200), anti-KLF5 (Santa Cruz,
sc-22797, dilution: 1:50), anti-pS3 (Dako, DO-7, dilution:
1:50), and anti-p21 (Santa Cruz, sc-6246, dilution: 1:50).
A manual immunohistochemical procedure was performed
using 4-um-thick tissue sections. After deparaffinization in
xylene and rehydration in graded ethanol, heat-induced
antigen retrieval was accomplished by immersing the slides
in 10 mM citrate buffer, pH 6, at 120°C for 10 min in a
pressurized heating chamber (BioCare Medical, Concord,
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CA). Endogenous peroxidase was blocked with 3% aqueous
H,0,, and nonspecific binding of the antibody was blocked
with 20% protein blocker (Signet Laboratories, Dedham,
MA) in Tris-buffered saline. After three washes with
phosphate-buffered saline (PBS), the slides were incubated
with the appropriate antibodies for 30 min at room
temperature. The slides were washed three times in PBS
and subsequently incubated with biotinylated anti-goat IgG
antibody (Vector Laboratories, Burlingame, CA) at a dilution
of 1:200, followed by three washes with PBS. Signal
detection was performed, using 3,3’-diaminobenzidine as
the chromogen. The slides were counterstained with hema-
toxylin, cleaned in xylene, and mounted with Permount.

Either nuclear or cytoplasmic expression of KLF4 or KLF5
was considered to be positive labeling. The tumor cells
(defined as both in situ and invasive cancer) and non-tumor
cells (defined as non-tumor mammary ducts and lobules) of
each breast cancer tissue section were evaluated. In the
analysis of the p53 and p21 immunostaining, only nuclear
staining was regarded as positive expression. The expression
intensity (intensity score) of KLF4, KLFS5, p21 and p53 was
classified as negative (<5% cells), 1+ (>5% and <25% cells),
2+ (>25% and <50% cells), or 3+ (>50% cells); too faint or
barely perceptible staining was ignored.

Statistical Analysis

The relationships between the KLF4, KLF5, p53, and p21
expression and clinicopathologic parameters in 60 cases of
breast cancer were examined by analysis of variance, or the
X~ test. The analyses were performed using the Statistical
Package for Social Sciences Version 15.0 (SPSS, Version
15.0, Chicago, IL, USA). The data are presented as mean +
SD, mean with a range, or numbers with percentages. Only
differences with a p value of less than 0.05 (by two-tailed
testing) were considered statistically significant.

Results
Patient Characteristics

A total of 60 female patient samples were analyzed in this
retrospective immunohistochemical study. The patients’
clinicopathological parameters and KLF protein expression
are listed in Table 1.

Immunohistochemical Results of KLF4, KLF5, p21
and p53 in Breast Cancer

KLF4 expression was defined as predominantly cytoplas-
mic expression (defined as cytoplasmic expression only or
mostly cytoplasmic expression with less than 5% of the

Table 1 The clinicopathologic features of the 60 patients with breast
cancer

Characteristics Case Numbers (%)

Age (years)

<50 37 (66.7)
>50 2 (3.3)
Invasive cancer type

IDC 54 (90.0)
ILC 3 (5.0)
Mucinous carcinoma 3(5.0)
Invasive carcinoma grade

Well 11 (18.3)
Moderate 40 (66.7)
Poor 9 (15.0)
Tumor size

<2 cm 21 (35.0)
>2 cm and <5 cm 29 (48.3)
>5 cm 10 (16.7)
Tumor stage

I 18 (30.0)
I 26 (43.3)
I 13 (21.7)
v 3 (5.0)
Lymph node involvement

No 35 (58.3)
Yes 25 (41.7)
Died of cancer

No 59 (98.3)
Yes 1(1.7)
ER expression status

Negative 13 (21.7)
Positive 47 (78.3)
PR expression status

Negative 8 (13.3)
Positive 52 (86.7)
Her-2 expression score

0 23 (38.3)
1+ 11 (18.3)
2+ 10 (16.7)
3+ 16 (26.7)

Follow-up duration (months) 27.5+£13.0 (8-59)

Note: The follow-up duration is presented as meant+SD (range)
Abbreviations

IDC invasive ductal carcinoma, /LC invasive lobular carcinoma

cells having nuclear expression), combined cytoplasmic
and nuclear expression (defined as combined cytoplasmic
and nuclear expression in more than 5% but fewer than
25% of the cells with nuclear positivity), and predominantly
nuclear expression (defined as nuclear expression in more
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than 25% of the positive cells). The KLF4 expression
pattern (referred to as the “pattern score”) was defined as
follows: A, no staining; B, predominantly cytoplasmic
expression; C, combined cytoplasmic and nuclear expres-
sion; and D, predominantly nuclear expression (Fig. 1).

The KLFS5 expression was classified as weak cytoplas-
mic expression (defined as weak cytoplasmic expression in
fewer than 25% of the cells with a paranuclear location),
strong cytoplasmic expression (defined as strong cytoplas-
mic expression in more than 25% of the cells with a
paranuclear location), and nuclear expression (defined as
nuclear expression in more than 25% of the cells). The
KLFS5 expression pattern (pattern score) was defined as
follows: A’, negative staining; B’, weak cytoplasmic
staining; C’, strong cytoplasmic staining; and D’, predom-
inantly nuclear staining (Fig. 1).

In the breast cancers, the expression intensities of KLF4
and KLF5 were stronger in the tumor cells than in the non-
tumor cells (see Table 2). We grouped the cases according
to the KLF4 staining patterns expression as follows: Group
1 (Patterns A and B, negative expression and predominant-
ly cytoplasmic expression); and Group 2 (Patterns C and D,
combined cytoplasmic and nuclear expression and predom-
inantly nuclear expression). Group 2 tended to exhibit
greater nuclear expression than Group 1. The expression
intensities of p53 and p21 were stronger in tumor cells than
in non-tumor cells. The non-tumor mammary ducts and
lobules did not express p53 or p21 (see Table 2).

Association of KLF Expression
with the Clinicopathological Parameters of Breast Cancer

Significant correlations were observed between the KLF4
expression pattern and tumor stage and size. The Group 2
invasive breast cancers were of a more advanced stage than
the Group 1 cancers; the latter tended to be of stage I
(»=0.006). In addition, an association between group and
tumor size was noted: Group 1 tumors tended to be smaller
(<2 cm) than Group 2 tumors and tended to belong to the T1
category (p=0.035) (see Table 3).

The KLF4 expression intensity in ductal carcinoma in
situ (DCIS) and invasive cancers from the same sample was
consistent: stronger expression in DCISs was associated
with stronger expression in invasive cancers (p=0.002), and
predominantly nuclear staining in DCISs was associated
with the nuclear staining in invasive cancers (p<0.001)
(data not shown). In cases in which stronger KLF4
expression was observed in the non-tumor cells than the
tumor cells, the tumor cells tended to be well differentiated;
similarly, when stronger KLF4 expression was seen in the
tumor cells, the invasive cancer tended to be of a higher
histological grade (p=0.033). In the patients over 50 years
of age, the expression intensity of KLF4 tended to be
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stronger in the tumor cells, but the KLF4 expression was
stronger in non-tumor cells in the patients under 50
(»=0.007). No association of KLF4 expression with that
of p53, p21, ER, PR or HER-2/neu was observed in the
invasive cancers.

KLFS5 expression was correlated with the tumor grade.
Invasive breast cancers were better differentiated when the
KLF5 expression was negative or weakly cytoplasmic than
in cases of stronger cytoplasmic expression (p=0.035) (see
Table 4). We also observed no nuclear expression in the
tumor cells, which was in contrast to the nuclear expression
observed in the non-tumor mammary ducts or lobules
(16.7%). Consistent KLF5 expression in DCISs and invasive
cancers from the same sample was also observed: stronger
KLF5 expression in DCISs was correlated with stronger
expression in invasive cancers (»p<0.001) and with concur-
rent cytoplasmic expression in DCISs and invasive cancers
(»<0.001). No association between KLF5 expression and
ER, PR or HER-2/neu expression, nor any association
between the histological type of the invasive carcinomas
and KLF4 or KLF5 expression, was observed in this study.

Discussion

In this study, we investigated the expression and signifi-
cance of two potential biomarkers, KLF4 and KLF5, and
their associations with the clinical manifestations of female
breast cancer. The results of our study demonstrate that
KLF4 expression is significantly correlated with the clinical
manifestations of breast cancer and that increased KLF4
nuclear expression is positively associated with tumor size
and stage. Tumor size is an important prognostic factor for
breast cancer: increased tumor size increases the risk of
metastasis to regional lymph nodes [19]. We found that the
invasive breast cancers exhibiting KLLF4 nuclear expression
tended to have higher clinical stages and larger tumor sizes.
Pandya et al. first concluded that nuclear expression rather
than cytoplasmic expression of KLF4 is associated with
more aggressive tumor behavior and is a poor prognostic
factor in early-stage breast cancer [6]. The scope of this
study did not allow further investigation into why nuclear
expression of KLF4 in breast cancer is correlated with poor
outcomes; instead, we focused on identifying the specific
subcellular locations of KLF4 and their possible distinct
biological activity and clinical significance. Nuclear local-
ization of KLF4 plays a role in the malignant transforma-
tion of RK3E epithelial cells in vitro and is considered to be
important evidence of tumorigenesis in breast cancers [6].
In this study, we observed consistent nuclear expression of
KLF4 between DCISs and invasive carcinomas from the
same samples, which possibly indicates KLF4-mediated
tumor progression in breast cancers. Unfortunately, we were
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Fig 1 The immunohistochemical analysis of KLF4 and KLF5 in
breast tissues. Predominantly cytoplasmic expression of KLF4, pattern
B, in invasive carcinoma a; combined cytoplasmic and nuclear
expression of KLF4, pattern C, in invasive carcinoma b; predomi-
nantly nuclear expression of KLF4, pattern D, in invasive carcinoma
c¢. Predominantly cytoplasmic expression of KLF4, pattern B, in DCIS
d; combined cytoplasmic and nuclear expression of KLF4, pattern C,
in DCIS e; predominantly nuclear expression of KLF4, pattern D, in

DCIS f. Weak cytoplasmic expression of KLF5, pattern B’, in invasive
carcinoma g; strong cytoplasmic expression of KLFS5, pattern C’, in
invasive carcinomas h. Weak cytoplasmic expression of KLFS5, pattern
B’, in DCIS i; strong cytoplasmic expression of KLFS5, pattern C’, in
invasive carcinoma j. Negative cytoplasmic expression of KLFS,
pattern A’, in non-tumor cells k; predominantly nuclear expression of
KLF5, pattern D’ in non-tumor cells 1
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Table 2 Investigation of KLF4, KLFS5, and p53 expression in invasive carcinomas and DCISs of the breast by immunohistochemical analysis

KLF4

0 1+ 2+
Non-tumor 12 (20.0) 12 (20.0) 9 (15.0)
Invasive carcinoma 8 (13.3) 10 (16.7) 4 (6.7)
DCIS 4 (6.7) 10 (16.7) 4 (6.7)

A B C
Non-tumor 8 (13.3) 42 (70.0) 7 (11.7)
Invasive carcinoma 7 (11.7) 28 (46.7) 16 (26.7)
DCIS 3 (5.0 38 (63.3) 14 (23.3)

p53

0 1+ 2+
non-tumor 60(100) 0 (0) 0 (0)
invasive carcinoma 52(86.7) 2 (3.3) 3 (5.0
DCIS 49(81.7) 5(8.3) 2 (3.3)

KLF5
3+ 0 1+ 2+ 3+
27 (45.0) 48 (80.0) 10 (16.7) 0 (0) 2 (3.0)
38 (63.3) 23 (38.3) 20 (33.3) 4(6.7) 13 21.7)
42 (70.0) 28 (46.7) 20 (33) 4 (6.7) 8 (13.3)
D A’ B' C D'
3 (5.0) 48 (80.0) 2(3.3) 0 (0) 10(16.7)
9 (15.0) 23 (38.3) 30 (50.0) 7 (11.7) 0 (0)
5(8.3) 28 (46.7) 27 (45.0) 5(8.3) 0 (0)
p21
3+ 0 1+ 2+ 3+
0 (0) 60 (100) 0 (0) 0 (0) 0 (0)
3 (5.0 55 (91.7) 5(8.3) 0 (0) 0 (0)
4(6.7) 53 (88.3) 7 (11.7) 0 (0) 0 (0)

Note: Data are presented as number (percentage)

unable to examine the correlation between survival and the
nuclear expression of KLF4 because of the short follow-up
period for our patients.

Our results show that the cytoplasmic expression of
KLF4 is associated with poor cellular differentiation in
breast cancers, especially in patients over 50 years of age.
To the best of our knowledge, the phenomenon of differing
KLF4 expression in different age groups has not previously
been reported. The histological grade of tumors is also an
important prognostic factor in breast cancer, and breast
tumors of a poor histological grade are associated with
greater tumor size, a younger age at diagnosis, absent ER

expression, and a decreased 5-year survival rate [19]. Our
results imply that cytoplasmic expression of KLF4 may be
correlated with poor outcome in breast cancer patients.
Most KLFS expression data from breast cancer cases
have been collected from in vitro cell-line studies [16, 17,
20]. To the best of our knowledge, only Chen et al. [18] and
our group have used immunohistochemical analysis to
evaluate the KLF5 expression in tissue sections of breast
cancers. Our findings are similar to those of Chen et al. [18]
and show that KLF5 expression seems to be generally
weaker in non-tumor cells of the breast than in tumor cells.
We also found that KLF5 expression intensity and cyto-

Table 3 The correlation

of KLF4 expression with Characteristics KLF4 KLF4
clinicopathologic manifestations
T<N T>N p-value A+B C+D p-value
Age
<50y 26 (70.3) 11 (29.7) 0.007* 18 (48.6) 19 (51.4) 0.471
>50 y 8 (34.8) 15 (65.2) 9 (39.1) 14 (60.9)
Tumor size
<2 cm 7 (58.3) 5 (41.7) 0.276 9 (75.0) 3(25.0) 0.035°
>2<5 cm 25 (61.0) 16 (39.0) 14 (34.1) 27 (65.9)
Note: Data are presented as >5 em 2 (28.6) 5(71.4) 4 (57.1) 3 (429)
number (percentage).” .
Correlation is significant at the Lymph node metastasis
0.05 level (two-tailed by the No 21 (60.0 14 (40.0) 0.538 17 (48.6) 18 (51.4) 0.511
chi-square test). * T <N, Yes 13 (52.0) 12 (48.0) 10 (40.0) 15 (60.0)
expression intensity in the tumor St
. age
cells is weaker than or equal to a
that in the non-tumor cells; I 10 (55.6) 8 (44.4) 0.909 13 (72.2) 5(27.8) 0.006
T > N, expression intensity in M+1II+1v 24 (57.1) 18 (24.9) 14 (33.3) 28 (66.7)
the tumor cells is stronger Grade
than in the non-tumor cells Well 9 (90.0) 1 (10.0) 0.033 6 (60.0) 4 (40.0) 0322
Abbreviations Moderate/poor 25 (50.0) 25 (50.0) 21 (42.0) 29 (58.0)

T tumor cells, N non-tumor cells
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Table 4 Correlation of

KLF5 expression with Characteristics KLF5 KLF5
clinicopathologic manifestations
T<N T>N p-value A'+ B' Cc'+D p-value
Age
<50y 18 (48.6) 19 (51.4) 0.164 17 (45.9) 20 (54.1) 0.124
>50y 7 (30.4) 16 (69.6) 6 (26.1) 17 (73.9)
Tumor size
<2 cm 5(41.7) 7 (58.3) 0.668 5(41.7) 7 (58.3) 0.919
>2~<5 cm 16 (39.0) 25 (61.0) 15 (36.6) 26 (63.4)
>5 cm 4 (57.1) 3 (42.9) 3 (42.9) 4 (57.1)
Lymph node metastasis
No 16 (45.7) 19 (54.3) 0.452 14 (40.0) 21 (60.0) 0.753
Yes 9 (36.0) 16 (64.0) 9 (36.0) 16 (64.0)
Stage
I 7 (38.9) 11 (61.1) 0.775 7 (38.9) 11 (61.1) 0.954
Note: Data are presented as o+10+1v 18 (42.9) 24 (57.1) 16 (38.1) 26 (61.9)
number (percentage).* Grade
Correlation is significant at the Well 6 (60.0) 4 (40.0) 0.294 7 (70.0) 3(30.0) 0.035*
0.05 level (two-tailed by the Moderate/poor 19 (38.0) 31 (62.0) 16 (32.0) 34 (68.0)

chi-square test)

plasmic expression were consistent in DCIS and invasive
carcinoma samples from the same cases, a phenomenon that
may imply the involvement of KLF5 in tumorigenesis.

We found that KLF5 expression in invasive carcinomas
was significantly associated with histological grade. The
cytoplasmic expression of KLF5 was correlated with better
differentiation of tumor cells in invasive carcinomas.
Interestingly, different expression patterns in the tumor
and non-tumor cells of the breast were observed. DCISs
and invasive carcinomas showed only cytoplasmic expres-
sion, while nuclear expression of KLF5 was mainly
restricted to the non-tumor mammary ducts and lobules
(10 cases, 16.7%). This phenomenon has not been reported
before, and we do not know the exact biological meaning of
this phenomenon. Chen et al. have identified homozygous
deletion of the KLF5 gene in breast cancer cell lines [16].
Therefore, in vitro loss of KLF5 nuclear expression in pre-
cancerous and cancerous breast lesions may indicate a
possible tumor-suppression function of KLF5. However,
the rate of nuclear KLF5 expression in non-tumor breast
tissue is not high enough to explain this tumor-suppression
function. The low rate of nuclear KLF5 expression may be
caused by the weaker expression of KLF5 in normal breast
tissue [18] or by some underlying genetic alterations of
tumor progression already present in the non-tumor tissue
adjacent to the malignancy in the same section.

Tong et al. have suggested that the increased level of
KLF5 mRNA is a poor prognostic factor for disease-free
and overall survival in breast-cancer patients and is also
associated with age [7]. However, we were not able to
identify any association between survival and KLF5

expression in our patients. The short follow-up period was
the main limitation of our study, but no association between
KLF5 expression and patient age was observed. This
discrepancy between our study and that of Tong et al
may have been caused by different methods of evaluating
KLF5 expression: protein level (immunohistochemistry) vs.
mRNA level.

No association between KLF4 or KLF5 expression and
the three traditional biomarkers (ER, PR and HER-2/neu) of
breast cancer was observed in this study. To the best of our
knowledge, no studies have reported associations between
the expressions of ER, KLF4, and KLF5 in breast cancer
[6, 7]. Several genes are upregulated by progestin,
including KLF4. In T-47D cells, KLF4 is upregulated by
progestin [21]. However, no association between KLF4
and PR was noted in our study, and no relationship
between PR and KLF5 in breast cancer has been reported.
Moreover, no known association has been reported
between the expression of HER-2/neu and KLF4 [6]. A
positive correlation between HER-2/neu and KLF5
expression in breast cancer has been noted, however [7].
In addition, HER-2/neu over-expression can activate the
expression of angiogenic factors, including KLF5 [22]. No
association between KLF5 expression and HER-2/neu
status was found in our study. The crosstalk among
KLF4, KLF5, and traditional prognostic biomarkers, such
as ER, remains to be elucidated.

In summary, we found that the expression of KLF4 and
KLFS5 is associated with the clinical manifestations of
breast cancer, including tumor size, stage and differentia-
tion, suggesting possible prognostic roles for these proteins.
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Our findings are based on immunohistochemical analysis,
but further study is necessary to elucidate the possible
prognostic roles of these two markers.

References

10.

. Cheng SH, Tsou MH, Liu MC et al (2000) Unique features of

breast cancer in Taiwan. Breast Cancer Res Treat 63:213-223

. Black AR, Black JD, Azizkhan-Clifford J (2001) Spl and

Kriippel-like factor family of transcription factors in cell growth
regulation and cancer. J Cell Physiol 188:143-160

. Dang DT, Pevsner J, Yang VW (2000) The biology of the

mammalian Kriippel-like family of transcription factors. Int J
Biochem Cell Biol 32:1103-1121

. Turner J, Crossley M (1999) Mammalian Kriippel-like transcrip-

tion factors: more than just a pretty finger. Trends Biochem Sci
24:236-240

. Clarke ND, Berg IM (1998) Zinc fingers in Caenorhabditis

elegans: finding families and probing pathways. Science
282:2018-2022

. Pandya AY, Talley LI, Frost AR et al (2004) Nuclear localization

of KLF4 is associated with an aggressive phenotype in early-stage
breast cancer. Clin Cancer Res 10:2709-2719

. Tong D, Czerwenka K, Heinze G et al (2006) Expression of KLF5

is a prognostic factor for disease-free survival and overall survival
in patients with breast cancer. Clin Cancer Res 12:2442-2448

. Guo H, Lin Y, Zhang H et al (2007) Tissue factor pathway

inhibitor-2 was repressed by CpG hypermethylation through
inhibition of KLF6 binding in highly invasive breast cancer cells.
BMC Mol Biol 8:110

. Wang X, Zheng M, Liu G et al (2007) Kriippel-like factor

8 induces epithelial to mesenchymal transition and epithelial cell
invasion. Cancer Res 67:7184-7193

Ghaleb AM, Nandan MO, Chanchevalap S et al (2005) Kriippel-like
factors 4 and 5: the yin and yang regulators of cellular proliferation.
Cell Res 15:92-96

@ Springer

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Rowland BD, Bernards R, Peeper DS (2005) The KLF4 tumor
suppressor is a transcriptional repressor of p53 that acts as a
context-dependent oncogene. Nat Cell Biol 7:1074—1082
Rowland BD, Peeper DS (2006) KLF4, p21 and context-
dependent opposing forces in cancer. Nat Rev Cancer 6:11-23
Miller KA, Eklund EA, Peddinghaus ML et al (2001) Kruppel-like
factor 4 regulates laminin alpha 3A expression in mammary epithelial
cells. J Biol Chem 276:42863-42868

Foster KW, Ren S, Louro ID et al (1999) Oncogene expression
cloning by retroviral transduction of adenovirus E1A-immortalized
rat kidney RK3E cells: transformation of a host with epithelial
features by c-MYC and the zinc finger protein GKLF. Cell Growth
Differ 10:423-434

Foster KW, Frost AR, McKie-Bell P et al (2000) Increase of
GKLF messenger RNA and protein expression during progression
of breast cancer. Cancer Res 60:6488-6495

Chen C, Bhalala HV, Qiao H et al (2002) A possible tumor
suppressor role of the KLFS5 transcription factor in human breast
cancer. Oncogene 21:6567-6572

Chen C, Zhou Y, Zhou Z et al (2004) Regulation of KLF5
involves the Spl transcription factor in human epithelial cells.
Gene 330:133-142

Chen C, Zhou Y, Dong JT (2006) KLF5: Kruppel-like factor 5
(intestinal). In: Atlas of genetics and cytogenetics in oncology and
haematology. http://AtlasGeneticsOncology.org/Genes/
KLF51D41074ch13q21.html. Cited 15 Oct 2006

Rosen PP (2009) Invasive duct carcinoma: assessment of
prognosis, morphologic prognostic markers, and tumor growth
rate. In: Rosen PP (ed) Rosen’s breast pathology. Lippincott
Williams & Wilkins, Philadelphia, pp 358404

Chen C, Sun X, Guo P et al (2005) Human Kruppel-like factor 5
is a target of the E3 ubiquitin ligase WWP1 for proteolysis in
epithelial cells. J Biol Chem 280:41553-41561

Graham JD, Yager ML, Hill HD et al (2005) Altered progesterone
receptor isoform expression remodels progestin responsiveness of
breast cancer cells. Mol Endocrinol 19:2713-2735

Beckers J, Herrmann F, Rieger S et al (2005) Identification and
validation of novel ERBB2 (HER2, NEU) targets including genes
involved in angiogenesis. Int J Cancer 114:590-597


http://AtlasGeneticsOncology.org/Genes/KLF5ID41074ch13q21.html
http://AtlasGeneticsOncology.org/Genes/KLF5ID41074ch13q21.html

	Association of Expression of Kruppel-Like Factor 4 and Kruppel-Like Factor 5 with the Clinical Manifestations of Breast Cancer
	Abstract
	Introduction
	Materials and Methods
	Patients and Specimens
	Immunohistochemical Study of Breast Cancer
	Statistical Analysis

	Results
	Patient Characteristics
	Immunohistochemical Results of KLF4, KLF5, p21 and p53 in Breast Cancer
	Association of KLF Expression with the Clinicopathological Parameters of Breast Cancer

	Discussion
	References




