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Fibroadenoma (FA) and phyllodes tumor (PT) are common 
stromal tumors in the female breast that originate from the in-
tralobular stroma.1,2 PT occurs approximately 10-20 years after 
the occurrence of FA. Because the recurrence rates for PT are 
higher than those of FA, it is classified as a borderline malig-
nant tumor.3 Although PT is a type of breast stromal tumor, it 
is often difficult to distinguish it from FA because these tumors 
are histologically similar. In previous research, we applied a 
cDNA microarray method and reported that Ras homolog en-
riched in brain (RHEB), histone deacetylase 1 (HDAC1), and WEE1 
homolog (WEE1) are expressed at a two-fold higher level in FA 
than in normal breast tissues.4 RHEB is associated with tuber-
ous sclerosis, a human genetic disease, and RHEB plays an im-
portant role in cell growth and cell-cycle control.5,6 HDAC1 is 
associated with the expression and function of estrogen recep
tor-α (ER-α), and it has been considered an important factor in 
breast tumor progression, cell proliferation, invasiveness, and 
prognosis.7-10 WEE1 functions as a potent tumor suppressor.11 
Although numerous genetic studies of breast cancer have been 
published, few have specifically addressed the genes expressed 
in these stromal tumors and no studies have reported differences 
in the expression of these proteins in FA and PT.4,12 Therefore, 

this study aimed to examine the expression of the RHEB, HD
AC1, and WEE1 proteins and to compare the differences in their 
expression in FA and PT.

MATERIALS AND METHODS

Patients

This study received approval from the Institutional Review 
Board of Yonsei University Wonju Christian Hospital (CR10
7064). The sample consisted of 102 cases of FA and 25 cases of 
PT; 20 samples of normal breast tissue were used as normal con-
trols. For all cases, we used formalin-fixed paraffin-embedded 
tissue samples that were surgically resected and pathologically 
diagnosed at Yonsei University Wonju Christian Hospital from 
1998 to 2007. All diagnoses were confirmed by two expert pa-
thologists examining hematoxylin and eosin (H&E)-stained 
slides. 

Immunohistochemistry
Tissue microarray (TMA) block preparation

Formalin-fixed paraffin-embedded tissues were obtained from 
subjects. Using H&E-stained slides, a representative tumor site 
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was chosen and the site corresponding to the confirmed tumor 
site in the paraffin block was marked. Areas with necrosis, hem-
orrhage, and artifacts were excluded. The selected tumor area 
was harvested using a 5 mm Quick-ray tip-punch (Unitma, 
Seoul, Korea), placed on a TMA mold with 20 pores (Unitma), 
and re-embedded with paraffin. TMA blocks were prepared as 
4-µm-thick sections and were stained with the H&E staining 
method. The tissues were then examined to determine whether 
the appropriate tumor site had been selected. 

Staining methods

TMA blocks were prepared as 5-µm-thick sections and were 
attached to silane-coated glass slides. The samples were deparaf-
finized with xylene in a 50˚C dry oven and hydrated with a grad
ed ethanol series. The slides were washed with tap water and 
immersed in distilled water. For antigen retrieval, the PT mod-
ule (Lab Vision, Fremont, CA, USA) was used (heated at 99˚C 
for 15 minutes, cooled to 65˚C for 20-25 minutes for stabiliza-
tion, and subsequently washed with running tap water). The 
slides were immersed in distilled water, and tissues were marked 
with a marking pen. To remove endogenous hydroxyperoxidase 
activity, the samples were pretreated with hydrogen peroxide 
block (Thermo Fisher Scientific, Fremont, CA, USA) for 10 min-
utes and washed with Tris buffered saline plus Tween 20 (TBS-
T; ScyTek Laboratories, West Logan, UT, USA). Primary anti-
bodies were pretreated with Ultra V Block (Thermo Fisher Sci-
entific) for 5 minutes, applied, and incubated for 2 hours. The 
applied primary antibodies were RHEB (GenWay, San Diego, 
CA, USA), HDAC1 (Thermo Fisher Scientific), and WEE1 (San
ta Cruz Biotechnology, Santa Cruz, CA, USA) in dilutions of 
1 :200, 1 :500, and 1:25, respectively. The samples were wash
ed with TBS-T buffer, treated with primary antibody enhancer 
(Thermo Fisher Scientific) for 20 minutes, and washed again 
with TBS-T buffer. The samples were then treated with horse-
radish peroxidase polymer secondary antibody (Thermo Fisher 
Scientific) for 30 minutes, washed with TBS-T buffer, and in-
cubated with 3-amino-9-ethylcarazole (AEC; Lab Vision) for 
5-10 minutes. After washing with distilled water, background 
staining was performed with Mayor’s hematoxylin. Then, slides 
were immersed in distilled water and mounted using Shandon 
Immu-Mount (Thermo Fisher Scientific). Normal brain tissue 
for RHEB, normal tonsil tissue for HDAC1, and normal naso-
pharyngeal mucosa tissue for WEE1 were used for positive con-
trols, according to the manufacturer’s recommendation. In ad-
dition, negative control stains without primary antibodies were 
also performed (Fig. 1A-C).

Evaluation method

Tumor cells showing nuclei or cytoplasm stained with brown 
color under light microscopy were considered positive. Epithe-
lial and stromal cells were separately scored. Cells were scored 
broadly, according to the staining intensity and the distribution 
of stained cells. Staining intensities were scored as follows: ab-
sence of stain, 0 point; weak staining intensity, 1 point; moder-
ate staining, 2 points; and strong staining, 3 points. The distri-
bution of stained cells (dependent upon the percentage of stain
ed tumor cells) was scored as follows: 0%, 0 point; less than 
25%, 1 point; between 25 and 50%, 2 points; and more than 
50%, 3 points. The final staining score was obtained by adding 
the scores of staining intensity and distribution score of stained 
cells. A score from 0 to 2 points was considered negative and 
scores ranging from 3 to 6 points were considered positive.13

Statistical analysis

The statistics program SPSS ver. 13.0 (SPSS Inc., Chicago, 
IL, USA) was used. By applying the χ2 test, the expressions of 
RHEB, HDAC1, and WEE1 in both epithelial cells and stro-
mal cells were separately compared. Using a one-way analysis of 
variance test and an independent t-test, the mean scores of RH
EB, HDAC1, and WEE1 were compared separately in both ep-
ithelial cells and stromal cells. Results with a p-value less than 
0.05 were considered to be statistically significant.

RESULTS

Clinicopathological findings

The FA cases (total of 102) included all typical types, and 
were characterized as epithelial or stromal cells. However, in 
some of the FA cases, the tumors were accompanied by normal 
breast parenchyma or fibrocystic changes. The mean age of the 
FA patients was 35.54±9.29 years and the mean FA tumor size 
was 2.35±0.88 cm. There were 25 PT cases, distinguished by 
typical leaf-like growth patterns and stromal hypercellularity. 
All cases of PT were benign. The mean age of PT patients was 
40.08±12.95 years and the mean PT tumor size was 6.24±  
3.21 cm. The mean mitotic count of PT was 0.44±0.58/10 
high-power fields. There was no tumor recurrence or metastasis 
after excision on clinical record for any of the PT cases.

Immunohistochemistry

The nuclei and cytoplasm of epithelial, myoepithelial, and stro
mal cells were stained with RHEB (Fig. 1D-F). In epithelial cells, 
20 normal breast samples (100.0%), 102 cases of FA (100.0%), 
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and 23 cases of PT (92.0%) stained positive for RHEB. The ex-
pression frequency of RHEB was significantly lower in PT than 
in normal breast tissue and FA (p=0.028). The mean score for 
RHEB was the highest in FA (5.28±0.76 points) and the low-
est in normal breast (4.60±0.68 points); the PT score was in-
termediate (5.00±1.19 points). Comparing FA and PT, the 
mean RHEB score was significantly lower in PT than in FA 
(p=0.003) (Table 1). With regard to stromal cells, 18 normal 

breast samples (90.0%), 99 FA samples (97.1%), and 25 PT 
samples (100.0%) were positive for RHEB, and the frequencies 
were similar. However, the mean scores for RHEB were signifi-
cantly different: 2.20±1.44 points for normal breast tissue, 
2.65±1.23 points for FA, and 5.60±0.82 points for PT (p= 
0.000) (Table 2).

The nuclei of epithelial cells and stromal cells stained for 
HDAC1, whereas myoepithelial cells were negative for the pro-

Fig. 1. Immunohistochemical (IHC) findings. The IHC stains with negative control serum for normal breast tissue (A), fibroadenoma (FA) (B), 
and phyllodes tumor (PT) (C) are all negative. IHC stains for Ras homolog enriched in brain (RHEB) reveal positive reactions in the nuclei and 
cytoplasm of epithelial and stromal cells of normal breast (D), FA (E), and PT (F). IHC stains for histone deacetylase1 (HDAC1) are positive in 
the nuclei of the epithelial and stromal cells of normal breast (G), FA (H), and PT (I). IHC stains are positive for WEE1 homolog (WEE1) in the 
nuclei of epithelial cells of normal breast (J), FA (K), and PT (L). The areas marked with an asterisk (*) are stromal cells. 
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tein (Fig. 1G-I). With regard to epithelial cells, HDAC1 was 
positive in all 20 normal breast tissue cases (100.0%), 88 cases 
of FA (86.3%), and 16 cases of PT (64.0%), with significant 
differences among the three groups (p=0.001). In addition, the 
mean score for HDAC1 was 5.00±1.12 points in normal breast 
tissue, 4.49±1.39 points in FA, and 3.64±1.85 points in PT; 
the differences were statistically significant (p=0.006) (Table 1). 
Regarding stromal cells, 12 normal breast samples (60.0%), 52 
FA cases (51.0%), and 20 PT cases (80.0%) were positive for 
HDAC1; the frequency of HDAC1 in PT was significantly high
er than in FA (p=0.012), although there was no significant dif-
ference between the normal breast and the FA group. In addi-
tion, the mean score for HDAC1 was 1.20±1.01 points in nor-
mal breast, 1.24±1.38 points in FA, and 2.24±1.67 points in 
PT, illustrating a significant increase in scores from normal bre
ast, to FA, and then to PT (p=0.005) (Table 2).

Only the nuclei of epithelial cells were positive for WEE1; 
myoepithelial cells were negative for WEE1. Stromal cells re-
vealed nuclear staining for WEE1 in only one case (Fig. 1J-L). 
Regarding epithelial cells, 19 normal breast samples (95.0%), 
97 FA cases (95.1%), and 22 PT cases (88.0%) were positive for 
WEE1. The frequency was significantly lower in PT than in FA 
(p=0.000), although normal breast tissue and FA showed simi-
lar frequencies. The mean score for WEE1 was 3.75±0.72 points 
in normal breast tissue, 3.24±0.97 points in FA, and 2.84±  
1.14 points in PT. The scores decreased significantly from nor-

mal breast, to FA, and finally to PT (p=0.009) (Table 1). Con-
cerning stromal cells, only one case of FA (1.0%) was positive 
for WEE1 (Table 2).

DISCUSSION

The stroma of normal breast tissue is largely composed of in-
terlobular stroma intermixed with some intralobular stroma, 
which is responsive to breast-specific estrogens.2 FA is a repre-
sentative benign tumor that originates from breast stromal cells 
and especially from intralobular stroma. Like FA, PT originates 
from the intralobular stroma.1,2 The intralobular stroma secretes 
growth factors for epithelial cells and thus facilitates the prolif-
eration of the epithelial component in FA as well as PT, which 
is considered to be non-tumorigenic.2 In stromal tumors of the 
breast, endothelin-1 is released from epithelial cells and medi-
ates the growth of stromal cells. Nonetheless, the precise mech-
anism of this effect has not been elucidated.14,15 We found that 
both epithelial and stromal cells of FA and PT express RHEB, 
HDAC1, and WEE1 proteins, which are known to be associat-
ed with the development or progression of tumors. Therefore, 
we propose that the epithelial cells of the breast may affect the 
development of stromal tumors, similar to the effect of stromal 
cells. 

RHEB is associated with tuberous sclerosis, a human genetic 
disease.5 The development of benign tumors is frequently seen 

Table 1. The results of immunohistochemical staining in epithelial cells

RHEB HDAC1 WEE1

Positive cases (%) Mean±SD Positive cases (%) Mean±SD Positive cases (%) Mean±SD

Normal breast 20 (100.0) 4.60±0.68 20 (100.0) 5.00±1.12 19 (95.0) 3.75±0.72
FA 102 (100.0) 5.28±0.76 88 (86.3) 4.49±1.39 97 (95.1) 3.24±0.97
PT 23 (92.0) 5.00±1.19 16 (64.0) 3.64±1.85 22 (88.0) 2.84±1.14
p-value <0.05 <0.05a <0.05 <0.05 <0.05a <0.05

RHEB, Ras homolog enriched in brain; HDAC1, histone deacetylase 1; WEE1, WEE1 homolog; SD, standard deviation; FA, fibroadenoma; PT, phyllodes tu-
mor.
ap-values only for difference between FA and PT.

Table 2. The results of immunohistochemical staining in stromal cells

RHEB HDAC1 WEE1

Positive cases (%) Mean±SD Positive cases (%) Mean±SD Positive cases (%) Mean±SD

Normal breast 18 (90.0) 2.20±1.44 12 (60.0) 1.20±1.01 0 (0.0) 0.00±0.00
FA 99 (97.1) 2.65±1.23 52 (51.0) 1.24±1.38 1 (1.0) 0.02±0.20
PT 25 (100.0) 5.60±0.82 20 (80.0) 2.24±1.67 0 (0.0) 0.00±0.00
p-value <0.05 <0.05a <0.05

RHEB, Ras homolog enriched in brain; HDAC1, histone deacetylase 1; WEE1, WEE1 homolog; SD, standard deviation; FA, fibroadenoma; PT, phyllodes tu-
mor.
ap-value only for difference between FA and PT.
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in brain, skin, kidney, and cardiac hamartomas of patients with 
tuberous sclerosis.16 We found that the expression of RHEB is 
elevated in the epithelial cells of FA. This enhanced expression 
may be related to the mechanisms of benign tumor develop-
ment and in particular with the association of RHEB with the 
insulin/AKT/TOR signaling pathways. Thus, RHEB plays an 
important role in cell growth and cell-cycle control.5,6 Farnesyl-
transferase inhibitors have been reported to suppress RHEB and 
the insulin/TOR/S6K signaling pathway.17-20 This indicates that 
RHEB may be a valuable target gene for the treatment of breast 
tumors.21,22 In the present study, the frequency of RHEB ex-
pression was higher in the epithelial cells of normal breast tis-
sue and FA than in PT. In addition, the frequency of stromal 
expression increased from normal breast, to FA, and finally to 
PT. The higher frequency of RHEB expression suggests that 
epithelial cells play an important role in tumor development in 
FA; this may be the main difference between FA and PT. RHEB 
may be associated with the growth and proliferation of epitheli-
al cells and, in FA, epithelial cells may influence tumorigenesis. 
However, stromal cells are more important to the proliferation 
of tumor cells in PT, because RHEB expression is higher in these 
stromal cells than those of normal breast and FA.

Most breast cancers express ER-α, which is important for the 
diagnosis, treatment, and prognosis of breast cancer. However, 
at the time of diagnosis, ER-α expression is absent in more than 
one-third of breast cancers.23,24 This loss of receptor expression 
is the result of histone deacetylation and chromatin inactivation 
caused by DNA methylation. HDAC1 is associated with the 
expression and function of ER-α, and is considered an impor-
tant factor in breast tumor progression. In addition, higher ex-
pression of HDAC1 has been associated with better progno-
ses.7,25 However, several studies have reported that HDAC1 ex-
pression is correlated with tumor invasiveness and poorer prog-
nostic factors.8-10 In the current study, we found that the fre-
quency of epithelial HDAC1 expression was the highest in nor-
mal breast, lower in FA, and lowest in PT. In addition, stromal 
expression was lowest in normal breast, higher in FA, and high-
est in PT, similar to the pattern of RHEB. These findings sup-
port the hypothesis that FA epithelial cells may influence tu-
morigenesis, whereas stromal cells influence the proliferation of 
tumor cells in PT.

Normal expression of WEE1 suppresses cell entry into the 
mitotic phase via the phosphorylation of CDC2.26,27 Therefore, 
WEE1 may suppress cell proliferation. Thus, the abnormal ex-
pression of WEE1 may induce the proliferation of tumor cells. 
In particular, it has been observed that the expression of WEE1 

is significantly lower in colon cancer cells than in normal colon 
cells. It has been reported that WEE1 has a potent tumor-sup-
pression function,11 with the loss of WEE1 expression associat-
ed with a poor prognosis and a high recurrence rate in lung can-
cer.27 In addition, mutations in the human BRCA1 gene increase 
the development of breast and ovarian cancer. Normal BRCA1 
arrests the cell cycle at the G2/M phase and simultaneously in-
duces apoptosis by activating WEE1. Therefore, the develop-
ment of breast cancer associated with the abnormal expression 
of BRCA1 may be due to WEE1 inactivation.28 In this study, 
we demonstrated that the expression of WEE1 and other tar-
geted proteins in epithelial cells is significantly lower in PT than 
in normal breast tissue and FA. WEE1 expression is lower in 
PT, a borderline malignant tumor, than in benign tumors, sug-
gesting that the gene may act as a tumor suppressor. In contrast 
with other proteins, WEE1 was barely expressed in the stromal 
cells of normal breast, FA, and PT, which originate from stro-
mal cells. Thus, WEE1 may be primarily associated with the 
development of tumors of epithelial origin. Recent studies have 
demonstrated that WEE1 may be a novel therapeutic target in 
various cancers, including breast cancer.29,30 Therefore, WEE1 
may become an important new target molecule for the treat-
ment of breast cancer.

In the epithelial cells of normal breast, FA, and PT, the ex-
pression of RHEB, HDAC1, and WEE1 was observed. In addi-
tion, both the frequency of expression and the mean score of ep-
ithelial cells were higher in normal breast tissue and FA than in 
PT; however, in stromal cells, the frequency and mean score of 
RHEB and HDAC1 were highest in PT, intermediate in FA, 
and the lowest in normal breast. Based on these results, we pro-
pose a new role for the involvement of epithelial cells in the de-
velopment of FA and PT, which are known as tumors of stromal 
origin. For PT as well as FA, epithelial cells may be associated 
with the development of tumors, although stromal cells appear 
to contribute more to tumor development. Because cases of 
high-grade PT are rare, only benign PT samples were used in 
our study. However, based on mitotic count, stromal cellularity, 
and atypia, PT can be subclassified into three groups: benign, 
borderline, and malignant.1 Comparing the expression of these 
genes and proteins in the three kinds of PT may reveal more 
about the relationship between the expression of these proteins 
and PT tumorigenesis. In addition, because PT occurs rarely, it 
was difficult to obtain fresh tissue samples, so we have reported 
only the differences in protein expression among these tumors. 
Future studies involving a larger number of cases should include 
fresh tissue to elucidate the functional significance of these pro-
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teins and genes.
In conclusion, in epithelial cells of breast stromal tumors, the 

expression frequencies of RHEB, HDAC1, and WEE1 proteins 
were highest in normal breast tissue, intermediate in FA, and 
lowest in PT; the stromal expression of RHEB and HDAC1 in-
creased from normal breast to FA to PT. The differences in the 
expression of these proteins is associated with the development 
of breast stromal tumors, with epithelial cells playing an im-
portant, previously unrecognized, role in the tumorigenesis of 
these tumors. 

Conflicts of Interest
No potential conflict of interest relevant to this article was 

reported.

REFERENCES

1.	Rosen PP. Rosen’s breast pathology. 3rd ed. Philadelphia: Wolters 
Kluwer Health/Lippincott Williams & Wilkins, 2009; 187-229.

2.	Kumar V, Abbas AK, Fausto N, Aster JC. Robbins and Cotran’s pa
thologic basis of disease. 8th ed. Philadelphia: Saunders, 2010; 1091-2.

3.	Parker SJ, Harries SA. Phyllodes tumours. Postgrad Med J 2001; 77: 
428-35.

4.	Eom M, Han A, Yi SY, Shin JJ, Cui Y, Park KH. RHEB expression in 
fibroadenomas of the breast. Pathol Int 2008; 58: 226-32.

5.	Aspuria PJ, Tamanoi F. The Rheb family of GTP-binding proteins. 
Cell Signal 2004; 16: 1105-12.

6.	Li Y, Corradetti MN, Inoki K, Guan KL. TSC2: filling the GAP in 
the mTOR signaling pathway. Trends Biochem Sci 2004; 29: 32-8.

7.	Zhang Z, Yamashita H, Toyama T, et al. Quantitation of HDAC1 
mRNA expression in invasive carcinoma of the breast. Breast Can-
cer Res Treat 2005; 94: 11-6.

8.	Kawai H, Li H, Avraham S, Jiang S, Avraham HK. Overexpression 
of histone deacetylase HDAC1 modulates breast cancer progres-
sion by negative regulation of estrogen receptor alpha. Int J Cancer 
2003; 107: 353-8.

9.	Park SY, Jun JA, Jeong KJ, et al. Histone deacetylases 1, 6 and 8 are 
critical for invasion in breast cancer. Oncol Rep 2011; 25: 1677-81.

10.	Patani N, Jiang WG, Newbold RF, Mokbel K. Histone-modifier gene 
expression profiles are associated with pathological and clinical 
outcomes in human breast cancer. Anticancer Res 2011; 31: 4115-25.

11.	Backert S, Gelos M, Kobalz U, et al. Differential gene expression in 
colon carcinoma cells and tissues detected with a cDNA array. Int J 
Cancer 1999; 82: 868-74.

12.	Ried T, Just KE, Holtgreve-Grez H, et al. Comparative genomic hy-
bridization of formalin-fixed, paraffin-embedded breast tumors re-

veals different patterns of chromosomal gains and losses in fibro-
adenomas and diploid and aneuploid carcinomas. Cancer Res 1995; 
55: 5415-23.

13.	Park KH, Choi SE, Eom M, Kang Y. Downregulation of the ana-
phase-promoting complex (APC)7 in invasive ductal carcinomas of 
the breast and its clinicopathologic relationships. Breast Cancer Res 
2005; 7: R238-47.

14.	Sawhney N, Garrahan N, Douglas-Jones AG, Williams ED. Epithe-
lial-stromal interactions in tumors: a morphologic study of fibroep-
ithelial tumors of the breast. Cancer 1992; 70: 2115-20.

15.	Yamashita J, Ogawa M, Egami H, et al. Abundant expression of im-
munoreactive endothelin 1 in mammary phyllodes tumor: possible 
paracrine role of endothelin 1 in the growth of stromal cells in phyl-
lodes tumor. Cancer Res 1992; 52: 4046-9.

16.	Gómez MR, Sampson JR, Whittemore VH. Tuberous sclerosis com-
plex: developmental perspectives in psychiatry. 3rd ed. New York: 
Oxford University Press, 1999.

17.	Clark GJ, Kinch MS, Rogers-Graham K, Sebti SM, Hamilton AD, Der 
CJ. The Ras-related protein Rheb is farnesylated and antagonizes 
Ras signaling and transformation. J Biol Chem 1997; 272: 10608-15.

18.	Tamanoi F, Gau CL, Jiang C, Edamatsu H, Kato-Stankiewicz J. Pro-
tein farnesylation in mammalian cells: effects of farnesyltransferase 
inhibitors on cancer cells. Cell Mol Life Sci 2001; 58: 1636-49.

19.	Castro AF, Rebhun JF, Clark GJ, Quilliam LA. Rheb binds tuberous 
sclerosis complex 2 (TSC2) and promotes S6 kinase activation in a 
rapamycin- and farnesylation-dependent manner. J Biol Chem 2003; 
278: 32493-6.

20.	Brunner TB, Hahn SM, Gupta AK, Muschel RJ, McKenna WG, Ber-
nhard EJ. Farnesyltransferase inhibitors: an overview of the results 
of preclinical and clinical investigations. Cancer Res 2003; 63: 5656-
68.

21.	Mavrakis KJ, Zhu H, Silva RL, et al. Tumorigenic activity and thera-
peutic inhibition of Rheb GTPase. Genes Dev 2008; 22: 2178-88.

22.	Zheng H, Liu A, Liu B, Li M, Yu H, Luo X. Ras homologue enriched 
in brain is a critical target of farnesyltransferase inhibitors in non-
small cell lung cancer cells. Cancer Lett 2010; 297: 117-25.

23.	Hortobagyi GN. Treatment of breast cancer. N Engl J Med 1998; 339: 
974-84.

24.	Osborne CK. Steroid hormone receptors in breast cancer manage-
ment. Breast Cancer Res Treat 1998; 51: 227-38.

25.	Zhang Z, Yamashita H, Toyama T, et al. HDAC6 expression is cor-
related with better survival in breast cancer. Clin Cancer Res 2004; 
10: 6962-8.

26.	Lee MH, Yang HY. Negative regulators of cyclin-dependent kinases 
and their roles in cancers. Cell Mol Life Sci 2001; 58: 1907-22.

27.	Yoshida T, Tanaka S, Mogi A, Shitara Y, Kuwano H. The clinical sig-



http://www.koreanjpathol.org http://dx.doi.org/10.4132/KoreanJPathol.2012.46.4.324

330  •  Eom M, et al.

nificance of cyclin B1 and Wee1 expression in non-small-cell lung 
cancer. Ann Oncol 2004; 15: 252-6.

28.	Yan Y, Spieker RS, Kim M, Stoeger SM, Cowan KH. BRCA1-medi-
ated G2/M cell cycle arrest requires ERK1/2 kinase activation. On-
cogene 2005; 24: 3285-96.

29.	Murrow LM, Garimella SV, Jones TL, Caplen NJ, Lipkowitz S. Iden-

tification of WEE1 as a potential molecular target in cancer cells by 
RNAi screening of the human tyrosine kinome. Breast Cancer Res 
Treat 2010; 122: 347-57.

30.	Stathis A, Oza A. Targeting Wee1-like protein kinase to treat cancer. 
Drug News Perspect 2010; 23: 425-9.


