High Krüppel-like Factor 5 Expression is
Associated with a Poor Prognosis in Dogs
with Canine Mammary Carcinoma
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ABSTRACT
Canine mammary tumors are the most
common neoplasms in female dogs. The
Krüppel-like factor 5 (KLF5), a transcription factor, is involved in the pathobiology
of cancer. The purpose of this study was
to determine the expression of KLF5 and
its clinical relevance in canine mammary
tumor. One hundred forty-two canine mammary tumor specimens, comprising 75 carcinomas and 67 benign tumors were evaluated
for KLF5 expression by immunohistochemistry and with the aid of Quick score. KLF5
expression was compared to various clinical
and histologic parameters. The results
indicated that high KLF5 level significantly
correlated with large tumor size, high grade,
advanced stages, and high Ki-67 index.
Survival analysis also showed that high
KLF5 expression was predictive of shorter
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survival in dogs with mammary carcinoma.
This study revealed the pro-proliferation effect of KLF5 in canine mammary carcinoma
and suggested that immunohistochemical
analysis for KLF5 protein expression may
contribute prognostic information.
INTRODUCTION
Mammary tumors are the second most
frequently diagnosed neoplasms in dogs,
next only to skin tumors.1 They are the most
common tumors in female dogs, comprising more than half of all neoplasms. Canine
mammary tumors usually affect middle-age
to older dogs, and the most common tumor
cell type is adenocarcinoma.2-4 The high similar epidemiologic, histologic, morphologic
and clinical features suggest that dogs may
be a promising model animal for comparative oncology.5-14
Krüppel-like factors (KLFs) are zinc
finger-containing transcription factor highly
conserved among mammals. KLFs collectively play important regulatory roles in
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Table 1. Differential expression of KLF5 expression in 142 cases of canine mammary tumor
Histological
classification
Benign tumor
Carcinoma

Negative (0)
33(49.3%)
2(2.7%)

KLF5 expression (Quick score)
Low (1,2)
Moderate (3,4)
23(34.3%)
10(14.9%)
1(1.3%)
26(34.7%)

High (5-7)
1(1.5%)
46(61.3%)

total
67
75

the 75 cases of carcinoma, 35 were simple
diverse biological processes such as growth,
carcinomas, 35 were complex carcinomas,
development, differentiation, and apoptosis.
and 5 cases were carcinoma in benign tumor.
Many KLFs are also involved in the pathobiology of cancer.15-17
Tumor diagnoses were made according
to the World Health Organization InternaKLF5 has been well documented to
tional Histological Classification of Tumors
promote cell proliferation. KLF5 expresof Domestic Animals.20 Histological gradsion correlates with that of HER2 and the
ing was determined on archive HE-stained
proliferation marker, Ki67, in human breast
sections based on tubule formation, nuclear
cancer.18 It has also been reported that breast
pleomorphism, and mitotic counts, with
cancer patients with higher expression
feature scored 1 to 3 points then added to
levels of KLF5 have shorter disease-free
obtain the tumor grade.21,22 Tumor size measurvival and overall survival than patients
18
with lower KLF5 expression. Unlike the
sured maximum diameter and was classified
pro-proliferative role described above,
according to the WHO Clinical Staging
frequently hemizygous deletion and loss of
System TNM as T1 (<3 cm), T2 (3–5 cm)
expression of KLF5 has also been described
and T3 (>5 cm).23
in breast tumors, indicating a possible tumor
Immunohistochemical staining
suppressive-like role.19
Paraffin-embedded canine mammary tumor
In this report, we aimed to examine the
tissue sections (4-mm) mounted on poly-Lpresence of KLF5 and evaluate its clinical significance
Figure 1. KLF5 expression as evaluated by Quick score. (A)
in canine mammary tumor
High nuclear KLF5 expression with quick score of 5-7, (B)
by measuring the expresmoderate expression with score of 3 or 4, (C) low expression
sion of KLF5 and correlate
with score of 1 or 2, and (D) no KLF5 expression with score
the expression with clinicoof 0 (×400).
pathologic data and survival
outcome.
MATERIALS AND METHODS
Sample selection
Archive tissue blocks of 142
cases of canine mammary
tumor diagnosed between
January 2003 and April
2008 were obtained from
the School of Veterinary
Medicine, National Taiwan
University, Taiwan. Seventyfive of the 142 mammary
tumors were histologically
confirmed as carcinomas and
67 were benign tumors. Of
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Table 2. Correlation of nuclear KLF5 expression with clinicopathologic parameters in canine
mammary carcinoma
KLF5 expression
<5
≥5
11.5 (2.8)
12.4 (2.0)

Age(SD)
Ovariohysterectomy

N

P
0.109

No
Yes

25
4

(86.2%)
(13.8%)

34
12

(73.9%)
(26.1%)

59
16

0.206

T1

17

(58.6%)

9

(19.6%)

26

0.002

T2

7

(24.1%)

18

(39.1%)

25

T3

5

(17.2%)

19

(41.3%)

24

I

14

(48.3%)

3

(6.5%)

17

II

11

(37.9%)

25

(54.3%)

36

III

4

(13.8%)

18

(39.1%)

22

cranial

11

(37.9%)

16

(34.8%)

27

caudal

18

(62.1%)

30

(65.2%)

48

I

16

(55.2%)

4

(8.7%)

20

II

6

(20.7%)

12

(26.1%)

18

Tumor Size

Grade
<0.001

Location of affected gland
0.782

Stage

III

3

(10.3%)

8

(17.4%)

11

IV

3

(10.3%)

16

(34.8%)

19

V

1

(3.4%)

6

(13.0%)

7

Negative

17

(58.6%)

22

(47.8%)

39

Positive

12

(41.4%)

24

(52.2%)

36

Negative

3

(10.3%)

8

(17.4%)

11

Positive

26

(89.7%)

38

(82.6%)

64

Negative

24

(82.8%)

34

(73.9%)

58

Positive

5

(17.2%)

12

(26.1%)

17

<10%

5

(17.2%)

2

(4.3%)

7

10-50%

14

(48.3%)

14

(30.4%)

28

51-100%

10

(34.5%)

30

(65.2%)

40

<0.001

ER
0.362

PR
0.513

HER2 overexpression
0.373

Ki-67
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0.015
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lysine-coated slides, were dewaxed in
Figure 2. Strong nuclear KLF5 staining outlines
xylene and hydrated by passage through
tumor emboli in a representative canine mamgraded alcohols. Endogenous paroxidase
mary carcinoma case (400X).
was quenched with methanol and 3%
hydrogen peroxide. Slides were then immersed in 10mM citrate buffer (pH 6.0)
and heated at 100oC for 20 min. Samples
were incubated with anti-KLF5 antibody
(Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA) at 1:60 dilution for 1
hour at room temperature, followed by
washing thoroughly three times with
PBS. Bound antibodies were detected
using the EnVision Detection Systems
Peroxidase/DAB, Rabbit / Mouse kit
(Dako, Glostrup, Denmark). The sections were counterstained with Gill
antibody replaced by PBS.
Hematoxylin Solution II (MERCK, DarmQuantification of KLF5 expression was
stadt, Germany). Paraffin-embedded human
made
using Quick score system.24,25 The inbreast cancer tissues that showed homogetensity of the immunohistochemical reaction
neous KLF5 staining were used as positive
as viewed under the light microscope was
controls. Negative controls had the primary
Figure 3. The Kaplan-Meier plot with survival as function of KLF5 expression.
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recorded as 0, 1, 2, and 3 for negative, weak,
moderate, and strong staining, respectively.
The percentage of cells staining positively
at any intensity was scored as follows: 0 =
0%, 1 = 1-25%, 2 = 26-50%, 3 = 51-75%,
and 4 = 76-100%, compared with the total
tumor cells. The percentage and intensity
scores were added together to obtain a total
score ranging from 0 to 7. The scoring was
performed by 2 researchers under light
microscopy.
Staining of ER (anti-ER antibody at 1:35
dilution, Dako, Glostrup, Denmark), PR (anti-PR monoclonal at 1:200 dilution, Thermo
Scientific, Fremont, CA, USA), HER2 (antiHER2 antibody at 1:400 dilution, Dako,
Glostrup, Denmark), and Ki-67 (anti-Ki-67
antibody at 1:100 dilution, Thermo Scientific, Fremont, CA, USA) was also carried out
with the similar procedures described above.
Nuclear staining of ER, and PR in more than
10% of the cells were considered positive.13
HER2 expression was evaluated according
to the American Society of Clinical Oncology/College of American Pathologists
recommendations.26 A score of 3+ indicated
HER2 positivity.
Statistical analysis
Correlations between KLF5 expression and clinicopathologic parameters
were evaluated by Pearson’s correlation
analysis. Survival analysis was performed
using Kaplan-Meier method and with the
Cochran-Mantel-Haenszel test to determine
statistical difference. Survival was defined
as the time between the date of diagnosis
and date of cancer-causing death or last
follow-up. Follow-up data was collected up
to August 2010. Subjects still alive at the
end of the study were censored at the date of
last follow-up. Cases that lacked complete
survival information were excluded from
survival analysis.
RESULTS
Immunohistochemical staining of 142 dogs
with mammary tumors were sorted into four
groups according to KLF5 expression level:
High nuclear KLF5 expression with Quick
score of 5-7, moderate expression with score
Intern J Appl Res Vet Med • Vol. 11, No. 2, 2013.

of 3 or 4, low expression with score of 1
or 2, and negative KLF5 expression with
score of 0 (Fig. 1). High KLF5 expression
occurred preferentially in carcinomas as it
is noted in 46 of the 75 (61.3%) cases of
carcinoma. In contrast, High KLF5 expression was detected in only one of the 67
(1.5%) benign tumors (Table 1). Moreover,
KLF5 was high expressed only in the tumor
cells and not the adjacent normal tissues
in mammary carcinomas (Fig. 2). Table 2
summarizes the association of differential
KLF5 expression with various clinical and
histopathologic variables in canine mammary carcinoma. High expression of KLF5
was significantly linked with larger tumor
size (P = 0.002), higher histological grade (P
< 0.001), more advanced stage (P < 0.001),
and high Ki-67 expression level (P = 0.015).
Figure 3 depicts the survival of the dogs
with mammary carcinoma according to
KLF5 expression status. The Kaplan-Meier
survival plot showed that dogs with high
KLF5 expression (Quick score ≥5) had a
significantly shorter survival as compared
with ones with moderate/low/negative KLF5
expression (Quick score <5) (P = 0.005).
DISCUSSION
The spontaneous mammary tumors in dogs
may offer an opportunity as models for
human breast cancer biology and therapeutics.27 Basic and clinical research studying
mammary gland tumors in dogs has the
potential to benefit both dogs and women
affected with this disease.
The role of KLF5 in the pathogenesis
of breast cancer has yet to be firmly established, with some reports showed that it promotes breast tumor formation while others
claimed a possible tumor suppressive role.17
We studied the expression of KLF5 and
found differential expression among the 142
cases of canine mammary tumor. High level
of KLF5 expression occurred more frequently in cases with mammary carcinoma and
was preferentially present in the carcinoma
cells as illustrated in Figure 2. High KLF5
expression was significantly associated
with unfavorable clinical and histologic
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features such as large tumor, high grade, and
advanced stages.
Ki-67 is present at low levels in quiescent cells but is increased in proliferating
cells, especially in the G2, M, and latter half
of the S phase. Elevated Ki-67 expression
is frequently seen in various cancers28-35 and
is associated with poor clinical outcome in
patients with breast cancer36. Ki-67 immunohistochemistry has been shown to provide a
reliable assessment of the growth fraction of
neoplastic tissues.37 Higher Ki-67 is generally associated with the greater the risk of an
adverse outcome. For breast cancer, prognosis is considered to be favorable with Ki-67
<10%. Our results indicated that expression
of KLF5 coincides with that of Ki67 in
canine mammary carcinoma.
Although it is yet to be firmly established, KLF5 protein expression has been
shown to have prognostic value in human
breast carcinomas and to correlate with
HER2 positivity. This study suggested that
KLF5 expression was not associated with
ER, PR, or HER2 status in canine mammary
carcinoma.
Our survival analysis further indicated
that high KLF5 expression is a prognostic
marker for survival of dogs with mammary
carcinoma. This prognostic significance of
KLF5 may be explained by its pro-proliferative effect on tumor cells.
Taken together and given the significant
similarities between human breast cancer
and canine mammary carcinoma, the present study supported the promoting effect
of KLF5 on cell proliferation. This study is
the first to demonstrate the pro-proliferative
role of KLF5 and its prognostic value for
survival in canine mammary carcinoma.
Acknowledgements
This study was supported by the National Science Council, Taiwan (NSC-1002321-B-750-001).
Conflict of interest
The authors have declared that no competing
interests exist.

142

References
1 Moulton JE. 1999, Tumors in Domestic Animals,
3rd Edition ed. University of California Press,
Berkley.
2 Cotchin E. Mammary neoplasms of the bitch. J
Comp Pathol 1958;68:1-22.
3 Moulton JE, Taylor DO, Dorn CR, Andersen AC. Canine mammary tumors. Pathol Vet 1970;7:289-320.
4 Prier JE, Brodey RS. Canine Neoplasia. A Prototype
for Human Cancer Study. Bull World Health Organ
1963;29:331-344.
5 Cohen D, Reif JS, Brodey RS, Keiser H. Epidemiological analysis of the most prevalent sites and
types of canine neoplasia observed in a veterinary
hospital. Cancer Res 1974;34:2859-2868.
6 Schneider R, Dorn CR, Taylor DO. Factors influencing canine mammary cancer development
and postsurgical survival. J Natl Cancer Inst
1969;43:1249-1261.
7 Moulton JE, Rosenblatt LS, Goldman M. Mammary
tumors in a colony of beagle dogs. Vet Pathol
1986;23:741-749.
8 Benjamin SA, Lee AC, Saunders WJ. Classification
and behavior of canine mammary epithelial neoplasms based on life-span observations in beagles.
Vet Pathol 1999;36:423-436.
9 Khanna C, Lindblad-Toh K, Vail D, et al. The dog
as a cancer model. Nat Biotechnol 2006;24:10651066.
10 Klopfleisch R, Klose P, Gruber AD. The combined
expression pattern of BMP2, LTBP4, and DERL1
discriminates malignant from benign canine mammary tumors. Vet Pathol 2010;47:446-454.
11 Sassi F, Benazzi C, Castellani G, Sarli G. Molecular-based tumour subtypes of canine mammary
carcinomas assessed by immunohistochemistry.
BMC Vet Res 2010;6:5.
12 Ferreira E, Gobbi H, Saraiva BS, Cassali GD. Columnar cell lesions of the canine mammary gland:
pathological features and immunophenotypic
analysis. BMC Cancer 2010;10:61.
13 Gama A, Alves A, Schmitt F. Identification of molecular phenotypes in canine mammary carcinomas
with clinical implications: application of the human
classification. Virchows Arch 2008;453:123-132.
14 Vinothini G, Balachandran C, Nagini S. Evaluation
of molecular markers in canine mammary tumors:
correlation with histological grading. Oncol Res
2009;18:193-201.
15 Black AR, Black JD, Azizkhan-Clifford J. Sp1 and
kruppel-like factor family of transcription factors
in cell growth regulation and cancer. J Cell Physiol
2001;188:143-160.
16 Safe S, Abdelrahim M. Sp transcription factor
family and its role in cancer. European Journal of
Cancer 2005;41:2438-2448.
17 McConnell BB, Yang VW. Mammalian Kruppellike factors in health and diseases. Physiological
Reviews 2010;90:1337-1381.
18 Tong D, Czerwenka K, Heinze G, et al. Expression
of KLF5 is a prognostic factor for disease-free
survival and overall survival in patients with breast

Vol. 11, No. 2, 2013 • Intern J Appl Res Vet Med.

19

20

21

22

23
24

25

26

27
28

cancer. Clinical Cancer Research 2006;12:24422448.
Chen C, Bhalala HV, Qiao H, Dong JT. A possible
tumor suppressor role of the KLF5 transcription factor in human breast cancer. Oncogene
2002;21:6567-6572.
Misdorp W, Else RW, Hellmén E, Lipscomb TP.
1999, Histological Classification of Mammary
Tumors of the Dog and Cat. American Registry of
Pathology, Washington, D. C.
Elston CW, Ellis IO. Pathological prognostic factors in breast cancer. I. The value of histological
grade in breast cancer: experience from a large
study with long-term follow-up. Histopathology
1991;19:403-410.
Karayannopoulou M, Kaldrymidou E, Constantinidis TC, Dessiris A. Histological grading and
prognosis in dogs with mammary carcinomas:
application of a human grading method. J Comp
Pathol 2005;133:246-252.
Owen LN. 1980, The TNM Classification of Tumors in Domestic Animals, First ed. World Health
Organization, Geneva.
Al Sarakbi W, Salhab M, Thomas V, Mokbel K.
Is preoperative core biopsy accurate in determining the hormone receptor status in women with
invasive breast cancer? Int Semin Surg Oncol
2005;2:15.
Mudduwa L, Liyanage T. Immunohistochemical
assessment of hormone receptor status of breast
carcinoma: interobserver variation of the quick
score. Indian J Med Sci 2009;63:21-27.
Wolff AC, Hammond ME, Schwartz JN, et al.
American Society of Clinical Oncology/College
of American Pathologists guideline recommendations for human epidermal growth factor receptor 2
testing in breast cancer. J Clin Oncol 2007;25:118145.
Vail DM, MacEwen EG. Spontaneously occurring
tumors of companion animals as models for human
cancer. Cancer Investigation 2000;18:781-792.
Kilicli-Camur N, Kilicaslan I, Gulluoglu MG, et al.
Impact of p53 and Ki-67 in predicting recurrence
and progression of superficial (pTa and pT1) urothelial cell carcinomas of urinary bladder. Pathol
Int 2002;52:463-469.

Intern J Appl Res Vet Med • Vol. 11, No. 2, 2013.

29 Johannessen AL, Torp SH. The clinical value of Ki67/MIB-1 labeling index in human astrocytomas.
Pathol Oncol Res 2006;12:143-147.
30 Viale G, Giobbie-Hurder A, Regan MM, et al.
Prognostic and predictive value of centrally
reviewed Ki-67 labeling index in postmenopausal
women with endocrine-responsive breast cancer:
results from Breast International Group Trial 1-98
comparing adjuvant tamoxifen with letrozole. J
Clin Oncol 2008;26:5569-5575.
31 Kankuri M, Soderstrom KO, Pelliniemi TT, et al.
The association of immunoreactive p53 and Ki-67
with T-stage, grade, occurrence of metastases
and survival in renal cell carcinoma. Anticancer
Research 2006;26:3825-3833.
32 Shiba M, Kohno H, Kakizawa K, et al. Ki-67 immunostaining and other prognostic factors including
tobacco smoking in patients with resected nonsmall
cell lung carcinoma. Cancer 2000;89:1457-1465.
33 Munstedt K, von Georgi R, Franke FE. Correlation
between MIB1-determined tumor growth fraction
and incidence of tumor recurrence in early ovarian
carcinomas. Cancer Investigation 2004;22:185194.
34 Pollack A, DeSilvio M, Khor LY, et al. Ki-67 staining is a strong predictor of distant metastasis and
mortality for men with prostate cancer treated with
radiotherapy plus androgen deprivation: Radiation Therapy Oncology Group Trial 92-02. J Clin
Oncol 2004;22:2133-2140.
35 Tisell LE, Oden A, Muth A, et al. The Ki67 index a
prognostic marker in medullary thyroid carcinoma.
British Journal of Cancer 2003;89:2093-2097.
36 Stuart-Harris R, Caldas C, Pinder SE, Pharoah P.
Proliferation markers and survival in early breast
cancer: a systematic review and meta-analysis of
85 studies in 32,825 patients. Breast 2008;17:323334.
37 Gerdes J, Lelle RJ, Pickartz H, et al. Growth fractions in breast cancers determined in situ with
monoclonal antibody Ki-67. Journal of Clinical
Pathology 1986;39:977-980.

143

