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Table 1. The primers and probes of RHEB, ROS1, HDACI, and WEEI.

Gene Name Sequence

B —actin Primer beta—A—F TGAGCGCGGCTACAGCTT
beta—A—R TCCTTAATGTCACGCACGATTT
Probe B —actin TET-ACCACCACGGCCGAGCGG—
TAMRA
RHERB Primer RHEB-F GCCAATTTGTGGACTCCTACG
RHEB—R TGGAGTATGTCTAGAGAAAGA
Probe RHEB-p FAM—
TCAACTTGTAGACACAGCCGGGCAAGA
T—-TAMRA
ROS Primer ROS—F ATGGGCTCCTGTATTGGTTG
ROS—R CATCAGTGCATTCTGGGAAA
Probe ROS—p FAM—-TTCGGGGACAGAGCACTGGG—
TAMRA
HDACI Primer HDAC1-F CCAGTATTCGATGGCCTGTT
HDAC1-R GACTTCTTTGCATGGTGCAG
Probe HDAC1-p FAM- CTGTGAATTGGGCTGGGGGC
—TAMRA
WEE1 Primer WEE1-F TTTAAGTGTGTGAAGAGGCT
WEE1—-R AACTACATGAGAATGCTGTC
Probe WEE1-p FAM—-TTGGCGGGCTCTGTTGATGAG
TAMRA

4, gJA~¥l EF (Western blot) #4
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N 2 homogenizer (Pro Science,
UK) & AFgE3to] 15~20% 59 & & Zo}l, SDS (sodium dodecyl sulphate)
*ZFN (50mM dithiothreitol (DTT), 2%w/v SDS % 62.5mM Tris—HCI
(pH6.8, 25T), 10% glycerol, 0.01%w/v bromophenol blue)E U3}
95Tl 10#3F 7Fdsh & 4TeolA 10#3F AHeste] duizds F2fsh3ith
10,000rpme. 2 30% Ak A4 #st] ATde FeF F, SDS-PAGE
(sodium dodecyl sulphate—polyacrylamide gel electrophoresis) & A] &3}t

A7) Eo] B AL o]l &dFN (25mM Tris—HCl, pH 8.3, 1.4% glycine,



20% methanol) ol 1043+ B& A1Z1 5, A} wpz7iA 2 ¢hF &) FY A|A
=2 immobilon—P membrane (Millipore, MA, US)o| w@adS 100VelA
1217 o]EA#HY. Ponceau S (Ponceau S 0.2g, trichloroacetic acid 3g,
sulfosalicylic acid 3g) (Sigma—Aldrich, Germany) & AF&3ste] whalzlo] tlof A
ool sEH A=A gAg &, e §H (TBSTel| 1% bovine serum albumin
7ol @7F @mdo]l AgtelA] of2 Fig Abdskelth Add wE TBST=
FAgE F, TBSTel #Ast 12k & RHEB (GeneWay, CA, US), HDAC1
(Thermo Scientific, CA, US), ROS1 (Santa Cruz, CA, US), WEE1 (Santa Cruz,
CA, US), B -—actin (Cell signaling, PA, US)3} 3~5A17F E<F Al20A
HES- A Z T 1 & 9-S Anti—Rabbit Ig G (HRP) 2% &34 (Novus Biologicals,
CO, US)ek A Azl 2~3A% w2t wgAZH. ECL #HE W

(Amersham, NJ, US) & o] &3l Wb&-& A&

g 7#:e SPSS 13.0 (SPSS Inc., IL, US)& Algatgdon 52 AFL

o] &3to] 7tz GuF Foko Al RHEB, ROS1, HDAC1, WEE1 #&S& Abg A ¢}
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Figure 1. Immunohistochemical findings. The immunuhistochemical stains for
RHEB reveal positive reaction in the nuclei and cytoplasm of epithelial cells
and stromal cells of fibroadenoma (A) and phyllodes tumor (B), and in the
epithelial cells of invasive ductal carcinoma (C). The immunohistochemical
stains for ROS1 show positive expression in the cytoplasm of epithelial cells
and stromal cells of fibroadenoma (D) and phyllodes tumor (E), and in the
epithelial cells’ cytoplasm of invasive ductal carcinoma (F). The
immunohistochemical stains for HDAC1 demonstrate positivity in the nucleil
of epithelial cells and stromal cells of fibroadenoma (G) and phyllodes tumor
(H), and in the epithelial cells of invasive ductal carcinoma (I). The
immunohistochemical stains are positive for WEE1 in the nuclei of epithelial
components of fibroadenoma (J) and phyllodes tumor (K), and invasive
ductal carcinoma (L).

Table 2. The results of immunohistochemical stain in the epithelial cells of
breast neoplasm.

Cases of positive immunohistochemical stains (%)

RHEB ROS1 HDAC1 WEE1
FA 102 (100.0) 102 (100.0) 88 (86.3) 97 (95.1)
PT 23 (92.0) 25 (100.0) 16 (64.0) 22 (88.0)
IDC 107 (89.2) 91 (75.8) 88 (73.3) 45 (37.5)
p—value’ 0.003 0.000 0.015 0.000

Mean score FA 5.28*0.76  5.67x0.57 4.49*1.39 3.24%x0.97
(+SD) PT 5.00£1.19 5.40*0.65 3.64*1.85 2.84*1.14
IDC  4.57%£1.45 3.89£1.49 3.93%£1.88 1.87+1.62

p—value ' 0.000 0.000 0.015 0.000

FA; fibroadenoma, PT; phyllodes tumor, IDC; invasive ductal carcinoma, SD;
standard deviation, *; yx 2 test, T, oneway ANOVA test

Table 3. The results of immunohistochemical stain in the stromal cells of
breast neoplasm.

Cases of positive immunohistochemical stains (%)

RHEB ROS1 HDAC1 WEE1
FA 99 (97.1) 102 (100.0) 52 (51.0) 0 (0.0)
PT 25 (100.0) 25 (100.0) 20 (80.0) 1 (1.0
p—value’ 1.000 NA 0.012 1.000
Mean score FA  2.65+1.23 2.88+1.15 1.24+1.38 0.02+0.20
(£5D) PT 5.60+0.82 5.28+1.14 2.24+1.67 0.00%0.00
p—value ' 0.000 0.000 0.000 0.622

FA; fibroadenoma, PT; phyllodes tumor, SD; standard deviation, NA; not
available, xztest, T, independent t—test
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Table 4. Relationship between RHEB expression, histologic grade, and tubule
formation.

Result of RHEB expression (N)

Negative Positive Total p—value
Histologic grade TandIl 11 (15.5) 60 (84.5) 71 (100.0)
(%) 111 2 (4.1) 47 (95.9) 49 (100.0) 0.048
Tubule formation 1and 2 10 (20.4) 39 (79.6) 4 (100.0)
(%) 3 3 (4.2) 68 (95.8) 71 (100.0) 0.007
Total 13 107 120

Table 5. Relationship between ROS1 expression, histologic grade, and mitotic
count.

Result of ROS1 expression (N)

Negative Positive Total p—value
Histologic grade [&1T 12 (16.9) 59 (83.1) 71 (100.0)
(%) 111 17 (34.7) 32 (65.3) 49 (100.0) 0.031
Mitotic count < 10 5(11.9 37 (88.1) 42 (100.0)
(/10 HPF) (%) > 10 24 (30.8) 54 (69.2) 78 (100.0) 0.025
Total 29 91 120

HPF; high power field

Table 6. Relationship between HDAC1 expression, mitotic count, and
estrogen receptor expression.

Result of HDAC1 expression (N)

Negative Positive Total p—value
Mitotic count < 10 6 (14.3) 36 (85.7) 42 (100.0)
(/10 HPF) (%) > 10 26 (33.3) 52 (66.7) 78 (100.0)  0.030
Total 32 88 120
Estrogen Negative 18 (34.6) 34 (65.4) 52 (100.0)
receptor (%) Positive 9 (15.5) 49 (84.5) 58 (100.0) 0.027
Total 27 83 110

HPF; high power field
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Table 7. The result of real—time PCR analysis between fibroadenoma,
phyllodes tumor, and invasive ductal carcinoma.

Mean value of relative concentration (£SD)
RHEB ROS1 HDACI WEE'1

Fresh FA 3.04x6.82 0.13%£0.15 21.56*6.76 1.68*+3.15
tissue IDC  1.81£4.47 1.80%2.34 6.10£10.90" 1.48+3.98

Formalin— FA 4.10+8.43  0.76%+0.37 1.55*1.45 2.22%+2.24
fixed PT 3.41%3.18 1.48=*2.11 0.90*0.96 1.54%+1.03
tissue IDC 0.52x0.75 0.70%0.45 0.87%0.61 0.11%0.13

"p=0.000, SD; standard deviation, FA; fibroadenoma, PT; phyllodes tumor,
IDC; invasive ductal carcinoma

AR zA o] gloj wlmwakA] Eh B —actin Gl BT B d o=
w3 RHEB, HDAC1 W WEE1S AfAFdA 2do] FrsEo 9l
AOZ AFHYAR, ROS1E HEA #AEFolA Telo] TrhEe] = Zo=
wEHAT (19 2).
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Figure 2. Western blot analysis. The result shows similar expression in both
groups for p —actin, increased expression of protein in fibroadenoma for
RHEB, HDAC1, and WEEI1, and increased expression in invasive ductal
carcinoma for ROS1 protein.
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Abstract
Expression of RHEB, ROS1, HDAC1, and WEET in the Breast

Neoplasm and Their Prognostic Values

Minseob Eom

Department of Medicine

The Graduate School, Yonser University

(Directed by Professor Kwang Hwa Park)

Until now, there have been few studies regarding specific genetic
expression of benign neoplasm of the breast. In the previous study, cDNA
microarray analysis was performed on fresh tissue samples of fibroadenoma,
and the results showed that the expression of RHEB, ROSI, HDACI, and
WEE1 in fibroadenoma was two times higher than in normal breast tissue,
whereas, RHEEB expression was quantitatively decreased in invasive ductal
carcinoma. The aim of this study was to compare the expression of the
RHEB, ROSI1, HDACI, and WEE! in fibroadenoma as benign neoplasm,
phyllodes tumor as intermediate grade neoplasm, and invasive ductal
carcinoma as malignant neoplasm, using various molecular methods. In

addition, this study intended to evaluate the expression of these genes as
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prognostic factors in invasive ductal carcinoma. Surgically resected and
pathologically diagnosed cases in the Wonju Christian Hospital, Yonsei
University Wonju College of Medicine, from 1998 to 2007 were used.
Formalin—fixed, paraffin embedded tissue was used for all patients (102
cases of fibroadenoma, 25 cases of phyllodes tumor, 120 cases of invasive
ductal carcinoma). Fresh tissue samples were available from 14 cases of
fibroadenoma  and 46 cases of  invasive ductal carcinoma.
Immunohistochemical stains were performed by using tissue microarray
blocks. Real—time PCR and Western blot analysis were performed by using
both fresh tissue samples and formalin—fixed tissue samples. The results of
the immunohistochemical stain, real—time PCR, and Western blot analysis
showed that the expressions of RHEB, ROS1, HDACI, and WEE1 decreased
generally with fibroadenoma showing the highest levels, followed by
phyllodes tumor, and invasive ductal carcinoma having the lowest levels. The
expression of these genes was increased both in the epithelial cells and
stromal cells of fibroadenoma and phyllodes tumor. Also, the expression in
the stromal cells of phyllodes tumor was higher than in those of
fibroadenoma. The results of the immunohistochemical stains of invasive
ductal carcinoma showed higher RHEB expression correlated with increased
histologic grade and increased tubule formation score and higher ROS1
expression correlated with increased histologic grade and decreased mitotic
count. The increase in HDAC1 expression correlated with lower mitotic

count and higher estrogen receptor expression. These results indicated that
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the expression of RHEEB, ROSI, HDACI, and WEEI was related to the
mechanism of development of both malignant and benign breast neoplasm. In
addition, these findings suggested 1) that the loss or decrease of the
expression of these genes was related to the malignant progression in breast
neoplasm, 2) that epithelial cells may influence the pathogenesis of
fibroadenoma and phyllodes tumor, previously thought to be of stromal cell
origin, and that stromal cells may have more influence on the pathogenesis in
phyllodes tumor than in fibroadenoma, and 3) that RHEB expression may be
valuable as a poor prognostic factor and ROS1 and HDAC1 expression as

good prognostic factors of breast cancer.

Key Words: Breast neoplasm, Fibroadenoma, Phyllodes tumor, Invasive

ductal carcinoma, RHEB, ROS1, HDACI, WEE1, Prognostic factor
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