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Purpose: Human epidermal growth factor receptor-2 (HER-
2)/neu amplification affects the cell proliferation through the
modulation of multiple G1 cell cycle regulators in breast
tumor cells. We performed this study to investigate whether
retinoblastoma protein (pRB) and p27Kip1 were differently
expressed according to the HER2 amplification status in
human breast cancer. Methods: HER2 amplification was
assayed by fluorescence in situ hybridization and the ex-
pression of cell cycle regulators were assayed by immuno-
histochemistry on 153 consecutive invasive breast cancers.
The proliferative activity of breast cancer was analyzed
according to the HER2 amplification and cell cycle protein
expression status. Results: HER2 amplification was observed
in 39 (25.5%) of 153 breast cancers. In the HER2 amplified
breast cancers, the pRB expression was significantly incre-
ased (p=0.011) whereas there was no significant relationship
between HER2 amplification and p27Kip1 expression. There

was an inverse correlation between pRB expression and Ki-
67 labeling index in the HER2 amplified breast cancers (p=
0.036). In contrast, Ki-67 labeling index was significantly
decreased as p27Kip1 expression increased in HER2 non-
amplified breast cancers (p=0.028). In HER2 non-amplified
breast cancers, we could not observe any association between
the pRB expression and Ki67 labeling index. Conclusion:
The proliferation of the breast cancers was associated with
pRB expression in HER2 amplified tumors whereas it was
associated with p27Kip1 expression in HER2 non-amplified
tumors. The results of the current study indicate that the
cell proliferative activity of the breast cancer is under different
growth signal pathways according to HER2 amplification
status.
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INTRODUCTION

Human epidermal growth factor receptor—2 (HER2)
overexpression resulting from HER2Z gene amplification
has been shown in 20-30% of human breast cancers
and is associated with poor clinical outcome even with
systemic chemotherapy. (1) HER2 gene amplification
results in the overexpression of HERZ2 receptor and the

activation of HERZ receptor results in the activation of
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a complex network of signal pathways that mediate en—
hanced cell proliferation. (2) Better understanding of the
mechanism by which HER2 regulates cell signal pathways
may help to determine the biologic role of HERZ in the
breast cancer.

A series of in vitro studies have indicated that the effects
of HERZ on the cell proliferation involve the modulation
of G1 cell cycle regulators such as cyclin D1 and p27Kipl
through multiple signaling pathways.(3,4) SKBR3 cells
accumulate in G1 upon down—regulation of HERZ and
HERZ2 controls G1 to S transition via phosphorylation of
retinoblastoma protein (pRB). Inactivating phosphory—
lation of pRB seems to be mediated by the interactions
between cyclin DI/E and p27Kipl proteins in the study. (3)

The p27Kipl was originally discovered as a cyclin—



HER2 Amplification and Cell Proliferation

dependent kinase (cdk) inhibitor induced by extracellular
antimitogenic signals. (5,6) Rapid elimination of p27Kipl
is probably a prerequisite for the activation of cyclin/cdk
complex through cell cycle progression. In vitro data in—
dicated that sequestration of p27Kipl via ternary complex
of cyclin D—cdk4/6—p27Kipl precedes sequential activa—
tion of cyclin E—cdk2 complex in G1-S transition of the
cell cycle. (7,8 Overexpression of HER2 increases the
turnover of p27Kipl in HERZ transfected MCF—-7 cells
whereas inhibition of HER2 increases nuclear levels of
p27Kipl and its association with nuclear cdk2.(4) The
p27Kipl modulation seems to be a part of growth sig—
naling pathway driven by HER2.

In this study, we analyzed the expression profiles of
pRB and p27Kipl according to HER2 amplification status
on tissue microarray (TMA) of 153 consecutive breast
cancers. Changes of cell proliferation index according to
the expression of the studied cell cycle regulators were

also analyzed.

METHODS

Tissue from 153 consecutive breast cancer patients who
underwent curative surgical treatment and adjuvant
treatment between January 1994 and December 1996
were collected. The representative tumor blocks were

selected and transplanted to the tissue array blocks.

1. TMA block

Recipient blocks were made with purified agar in 3.8 X
2.2 frames. Holes with 2 mm in each size were made on
the recipient blocks by core needle and agar core was
discarded. Donor blocks were prepared after thorough
evaluation of H & E slides. Representative cancer por—
tions retrieved from matching donor blocks were trans—
planted to the recipient blocks using 2 mm core needle.
Recipient blocks were framed in the mold which is used
to frame conventional paraffin block, and then paraffin
was added to the frame, Three ym sections were cut from
the recipient blocks using an adhesive coated slide system
(Instrumedics Inc., Hackensack, USA) supporting the

cohesion of the 2 mm array elements on the glass. (9)
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2. Fluorescence in situ hybridization (FISH) for HER2 ampli—
fication

Two—color FISH was done on a 3 um—thick consecutive
microarray sections. Before hybridization, the sections
were deparaffinized, air dried, and dehydrated in 100%
ethanol after incubation at 56°C for 24 hr. Microarray
slides were treated in wash buffer (Vysis Inc., Downers
Grove, USA) for 3 min after treatment with 0.2N HCI
for 20 min, Pretreatment solution (Vysis Inc., Downers
Grove, USA) at 80°C was applied for 30 min and the slides
were washed with purified water. Slides were treated
were treated with wash buffer twice for 5 min serially.
Immersed slides in Protease solution (Vysis Inc., Downers
Grove, USA) at 37°C was applied for 10 min and the slides
were washed with wash buffer at 45-50°C and air dried.
Slides were fixed in 10% buffered formalin for 10 min and
then washed with wash buffer at 45-50C . For denatu—
ration, slides were immersed in denaturation solution
(Vysis Inc., Downers Grove, USA) for 5 min at 72°C fol—
lowed by dehydration with 70%, 85% and 100% ethanol
serially at 45-50°C . For hybridization, 20 xL LSI HER—
2/CEP17 probe (PathVision™, Vysis Inc., Downers Grove,
USA) was applied and a coverslip was applied over the
probe. After overnight hybridization at 37C in a humi—
dified chamber, the slides were washed with 72°C post—
hybridization wash buffer (PHWB, Vysis Inc., Downers
Grove, USA) for 2 min, Nuclei were counterstained with
20 uL 4,6—diamino—2-phenylindole (DAPI, Vysis Inc.,
Downers Grove, USA), The centromere 17 (CEP) and HER2
copy numbers were counted in the predominant tumor
cell population.

Hybridization signals were enumerated by the ratio of
orange signals for HER2 to green signals for CEP17 in
morphologically intact and non—overlapping nuclei. At
least two times more HERZ signals than CEP17 signals
in the tumor cells were considered as criteria for HER2

amplification.

3. Immunohistochemistry (IHC)
After deparaffinization and dehydration of the slides,
heat induced epitope retrieval was done at 95C for 15

min. TMA slides were stained with specific antibodies to
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p27Kipl and pRB; mouse monoclonal antibody DCS—72.
F6 for p27Kipl protein (Santa Cruz Biotechnology, Santa
Cruz, USA), mouse monoclonal antibody to pRB (Neo—
Markers, Fremont, USA) using the avidin—biotin com—
plex—immunoperoxidase method. Scoring was performed
by microscopically reviewing the slides to estimate the
percent of cancer cells with nuclear staining. The inter—
pretation for pRB expression was made as negative if no
cell or less than 10% of cells were stained in nuclei, inter—
mediate category if stained in 10-50% of the observed
cancer cells, and high category if stained in more than
50% of the cancer cells. The statistical significance was
maintained when we dichotomized the expression status
of pRB, thus the cases of intermediate category were
merged with those of high category in data analyses.
p27kipl expression was assessed by dichotomizing at
50% as a cutoff value because this cutoff level has been
widely used in most studies evaluating p27Kipl expres—
sion in breast carcinoma and median value from the
current study was also 50%. The histologic grading of
all carcinomas followed the Nottingham modification of
the Scarff—Bloom—Richardson scoring system. (10) Review
of original pathology reports yielded tumor size and ax—

illary lymph node status, but not in all cases.

Table 1. Relationship between patients characteristics and
HER2 ampilification

HER?2 ampilification (%) -
Total

Absent Present value

Age 0.609
<50 yr 74(755)  24(245) 98
>50 yr 40(722) 15(27.3) 55

Tumor size 0.426
<2cm 34 (75.6) 11(24.4) 45
2-5¢m 70(76.9)  21(23.1) 91
>5cm 10 (58.8) 7(41.2) 17

Lymph node metastasis 0.319
Negative 54 (71.1 22(28.9) 76
Positive 60(77.9) 17(221) 77

Histologic grade 0.023
| 16 (94.1) 1(5.9) 17
Il 52(75.4)  17(246) 69
Il 46 (68.7) 21(31.3) 67

Estrogen receptor 0.553
Negative 63 (75.9) 20 (24.1) 83
Positive 51(72.8) 19(272) 70
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4, Statistics

Results of THC for molecular markers were merged and
analyzed. The chi—square test and Fisher's exact test were
used for data analyses, and the correlation between mo—
lecular markers was estimated by Spearman’s correlation
coefficient. Calculations were performed with the use of
SPSS statistical software, version 11.5. The differences

were considered significant when p—values were 0.05.

RESULTS

HER2 amplification was observed in 39 (25.5%) of 153
breast cancers. We analyzed the HER2 amplification
according to the various clinical and biologic character—
istics of the studied patients. The frequency of HER2
amplification was significantly increased in high grade
tumors (p=0.023), but there was no statistically signifi—
cant association between HERZ amplification and other
variables such as the status of estrogen receptor (ER)

expression and lymph node metastasis (Table 1).

1. Association between HER2 ampilification and pRB

expression, but not with p27Kip1

The expression of p27Kipl and pRB was assessed on
the consecutive sections of TMA blocks. pRB was ex—
pressed in 72 tumors (47.1%). pRB was expressed in 45
(39.5%) of 114 tumors without HER2 amplification whereas
it was expressed in 27 (69.2%) of 39 tumors with HER2
amplification (Table 2). The frequency of pRB expression

Table 2. Expression profiles of cell cycle regulators according
to HER2 amplification status

HER2 ampilification (%) o-
Total

Absent Present value

pRB expression 0.011
<10% 69 (85.2) 12 (14.8) 81
>10% 45 (62.5) 27 (37.5) 72

p27Kip1 expression 0.678
<50% 57(731)  21(26.9) 78
>50% 57 (76.0) 18 (24.0) 75

Proliferative index 0.174
<10% 59(79.7) 15(20.3) 74
10-15% 24(706) 10(294) 34
>15% 31(68.9) 14(31.1) 45




HER2 Amplification and Cell Proliferation

was significantly increased in HER2Z amplified breast
cancers. Assay for p27Kipl expression was performed
on the consecutive sections of same array blocks. p27Kipl
expression was preserved in 75 (49%) of 153 tumors, p27—
Kipl expression was preserved in 57 (50%) of 114 tumors
without HER2 amplification whereas its expression was
preserved in 18 (46.2%) of 39 HER2—amplified tumors.
There was no significant relationship between HER2

amplification and p27 expression.

2. Change of proliferative index (PI) according to HER2

amplification and expression of pRB and p27Kip1

The PI of the individual tumor was assessed by Ki67
labeling index and the change of PI was analyzed accord—
ing to the expression of the studied cell cycle regulators.
The distribution of PI was less than 10% in 74 tumors
(49.0%), between 10~15% in 34 tumors (21.2 %), and more
than 15% in 45 tumors (29.8%). We divided the PI into 3
categories as low (<10%), intermediate (10-15%), and high
(>15%). When the change of PI was analyzed according
to HERZ amplification status, PI was labeled more than
15% in 31 (27.2%) of 114 tumors without HER2 amplifica—
tion, whereas it was increased in 14 (36.8%) of 39 tumors
with HER2 amplification. There was a trend that Pl was
increased in HER2—amplified tumors and the finding was
similar when the PI was analyzed as 3 categories, but the
difference was not significant statistically (Table 3).

PI change was analyzed according to the pRB expres—
sion, PI was increased in 16 (19.7%) at the intermediate

category and was increased in 28 (34.6%) at the high

Table 3. Change of proliferative index (Pl) according to the
expression of cell cycle regulators

Proliferative index (%) p-
Total |

<10%  10-15%  >15% VEluE

HER2 ampilification 0.174
Absent 59 (51.7) 24(211) 31(27.2) 114
Present 15(39.5) 10(23.7) 14(36.8) 39

pRB expression 0.233
<10% 37(45.7) 16(19.7) 28(346) 81
>10% 37 (51.4) 25 17(236) 72

p27Kip1 expression 0.032
<50% 27(346) 22(282) 29(37.2) 78

>50% 47.(62.7) 12(160) 16(213) 75
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category of 81 tumors without the pRB expression. In
contrast, PI was increased in 18 (25.0%) at the interme—
diate category and was increased in 17 (23.6%) at the
high category of 72 pRB—expressing tumors.

Of 78 tumors with decreased p27Kipl expression, PI
was increased in 22 (28.2%) at the intermediate category
and was increased in 29 (37.2%) at the high category.
Of 75 tumors in which the p27Kipl expression was well
preserved, PI was increased in 12 (16.0%) at the inter—
mediate category and was increased in 16 (21.3%) at the
high category. PI of the breast cancer was significantly

decreased in the p27Kipl—expressing tumors (p=0.032).

3. Pl decrease was associated with the pRB expression in

the HER2—-amplified tumors

We analyzed the change of PI according to the HER2
amplification status. In 39 HER2—amplified tumors, PI
was increased in 1 (8.3%) at intermediate category and 8
(66.7%) at high category in 12 pRB negative tumors, In
contrast, PI was increased in 9 (33.3%) at intermediate
category and 6 (22.3%) at high category in 27 pRB expres—
sing tumors (Table 4). Degree and frequency of PI in—
crease was significantly decreased in the pRB expressing
tumors (p=0.036). The change of PI was also analyzed
according to the p27Kipl expression, but the association
between PI and p27Kipl was not observed in the HER2
amplified tumors (Table 4).

4, Pl was significantly decreased with p27Kip1 expression
in the HER2 non—amplified tumors
In 114 HER2 non—amplified tumors, PI was increased

in 16 tumors (28.1%) at intermediate category and 21

Table 4. Change of proliferative index according to the expre-
ssion of cell cycle regulators in HER2 amplified tumors (n=39)

Proliferative index (%) -
Total |

<10%  10-15%  >15% el

pRB expression 0.036
<10% 3(25.0) 1(83) 8(66.7) 12
>10% 12(444) 9(333) 6(223) 27

p27Kip1 expression 0.567
<50% 7(333) 6(286) 8(38.1) 21
>50% 8(44.4) 4(223) 6(333) 18
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Table 5. Change of proliferative index according to the expre-
ssion of cell cycle regulators in HER2 non-amplified tumors
(n=114)

Proliferative index (%) p-
Total |

<10%  10-15%  >15% VeI

pRB expression 0.525
<10% 34(49.3) 15(21.6) 20(29.1) 69
>10% 25(556) 9(20.0) 11(24.4) 45

p27Kip1 expression 0.028
<50% 20(85.1) 16(28.1) 21(36.8) 57
>50% 39(684) 8(141) 10(175) 57

tumors (36.8%) at high category in the p27Kipl repressed
tumors. In contrast, PI was increased in 8 tumors (14.1%)
at intermediate category and 10 tumors (17.5%) at high
category in the 57 tumors with p27Kipl preservation
(Table 5). The PI was significantly decreased in the tumors
with p27kipl expression. The association between pRB

expression and PI was not observed in these tumors.

DISCUSSION

PRB was significantly increased in the HER2—amplified
tumors in this study, whereas there was no significant
association between the HER2 amplification and the ex—
pression of p27. HER2 activation results in the activation
of signal pathways that mediate the enhanced prolifer—
ation of the cells. (2, 11) HER2 amplification coupled with
the abnormal expression of cell cycle regulators results
in the subversion of cell cycle checkpoints and dysregu—
lates the cell proliferation in tumor cells, (12, 13) pRB plays
a key role as a negative regulator of the G1-S transition
in the normal cell cycle and prevents the activation of the
transcription of genes required for the S phase by binding
with the transcriptional factor such as E2F family. (14) In
this study, the pRB expression was positively associated
with the HERZ amplification and PI of the breast cancer
was significantly decreased with pRB expression in the
HERZ amplified tumors. The finding was unexpected one
when we consider that pRB expression is known to be
down-regulated by HER2 overexpression in vitro study. (3,
4) Furthermore, Inactivation of pRB seems to be mediated
by the interactions between cyclin DI/E and p27Kipl

proteins in vitro. (3,4) However, the association between
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pRB expression and the PI was lost in HER2 non—ampli—
fied tumors in which the PI was significantly decreased
with p27Kipl expression. The discrepancy between our
study and in vitro data can be partially explained by the
hypothesis that pRB expression could be increased recip—
rocally in response to HERZ overexpression. In other
words, increased growth signal driven by HER2 over—
expression might lead to the increased expression of pRB
to counterbalance the excessive growth stimuli. This
hypothesis can be supported by our finding that the PI
was significantly decreased with increased pRB expres—
sion in the HER2 amplified tumors. Our results suggest
that the expression profiles of cell cycle regulators in
clinical breast cancer are quite different from the in vitro
findings. Exact biologic explanation on this discrepancy
seems to need more exquisite molecular dissection study.
A number of reports have suggested that HERZ regu—
lates early cell cycle progression by a process that in—
volves p27Kipl in breast cancer cell lines. (3,14) The over—
expression of HER2 increases the turnover of p27Kipl
and inhibition of HERZ increases nuclear level of p27Kipl
and it's the association with nuclear cdk2 in breast cancer
cell line SKBR-3.(4) In this cell line, HER2 controls G1
to S transition via cdk2—dependent phosphorylation of
pRB and cyclin E/cdk2 activity is mediated by the asso—
ciation with p27Kipl.(3) In our study, p27Kipl expression
was not associated with HER2 amplification and PI was
significantly associated with pRB expression but not with
p27Kipl expression in the HERZ amplified tumors. In
contrast, no molecules other than p27Kipl were asso—
ciated with PI of the breast cancers when analyzed re—
gardless of HERZ amplification. Relatively the low fre—
quency of HERZ amplification might contribute to the
result. The finding of this study was an unexpected one
considering the aforementioned evidence from the ex—
perimental system. In vitro experiment on BT—474 cells,
it appeared that additional HERZ driven signals other
than destabilization of p27Kipl were required for tran—
sition into S—phase.(4) It is hard to conclude that cell
cycle regulators are differently expressed by HERZ status
based on our study, since we did not performed the ex—

pression assay for all the downstream molecules. However,
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it is clear that the expression profiles of cell cycle regu—
lators in clinical breast cancer are quite different from
in vitro data produced under the well controlled envi—
ronment. The different associations between HER2 over—
expression and downstream regulators such as pRB and
p27Kipl indicate that growth signal transduction path—
ways in clinical breast cancer might be under more com—

plex controls than in vitro system.

CONCLUSION

HERZ2 amplification was significantly associated with
the histologic grade of the tumors but not with other
clinical or biologic properties in the consecutive 153 breast
cancers such as estrogen receptor expression and PI. The
PI of the breast cancers was associated with pRB ex—
pression in HER2 amplified tumors whereas it was asso—
ciated with p27Kipl expression in HERZ2 non—amplified
tumors. The results of this study indicate that the cell
proliferative activity of the breast cancer is under dif—
ferent signal pathways according to HERZ amplification

status.
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