Effects of Herceptin on circulating tumor
cells in HER2 positive early breast cancer
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ABSTRACT. The objective of this study was to determine the changes
in peripheral blood circulating tumor cells in HER2-positive early
breast cancer before and after Herceptin therapy, and to explore the
effects of the HER2 gene and Herceptin on circulating tumor cells.
CK19 mRNA expression in peripheral blood was evaluated by qRT-
PCR as an index of circulating tumor cells in 15 cases of HER-2-
positive breast cancer and 18 cases of HER2-negative breast cancer
before, and after chemotherapy as well. Ten cases of HER2-positive
breast cancer continued on Herceptin therapy for 3 months after
chemotherapy, and their peripheral blood was again drawn and assayed
for CK-19 mRNA expression. Preoperatively, all cases of HER2-
positive cancer were positive for CK19 mRNA in peripheral blood,
but 6 cases of HER2-negative breast cancer were positive (33.3%),
where there was a substantial difference between the two groups.
After 6 cycles of adjuvant chemotherapy, CK19 positive rates in cases
of HER2-positive and -negative breast cancer reduced by 93.3 and
11.1%, respectively, with a significant difference still existing. After
3 months of Herceptin therapy, expression of CK19 mRNA declined
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considerably in 10 cases of HER2 positive breast cancer (113.66 +
88.65 vs 63.35 £ 49.27, P = 0.025). HER-2 gene expression closely
correlated with circulating tumor cells in peripheral blood of early
breast cancer patients. Moreover, Herceptin, a monoclonal antibody
for HER2, can reduce the number of circulating tumor cells, which
can be an early predictive factor for Herceptin therapy effectiveness
against breast cancer.
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INTRODUCTION

The expression of HER2 genes is the most important prognostic indicator of early
breast cancer. Studies indicate that HER2-positive cases have lower disease-free overall sur-
vival compared to HER2-negative patients. The existence of circulating tumor cells (CTCs)
in peripheral blood of early breast cancer patients is a vital factor for occurrence of metas-
tases, of which CTCs is an independent prognostic index (Dawood et al., 2008). Although
the meaning of CTCs is still unclear in the operation of breast cancer, an investigation has
demonstrated that the variation in CTCs could be an early indicator of adjuvant chemo-
therapy effectiveness (Zhang et al., 2008). In cases of early breast cancer, we still need
further experimental data to prove whether CTCs correlate with the expression of the HER2
gene. Thus, we used the epithelial cell-specific gene cytokeratin 19 (CK19) as a marker to
investigate the relationship between HER-2-positive early breast cancer and CTCs, and we
discuss the effect of Herceptin on CTCs, providing guidance in evaluating the therapeutic
effect of Herceptin.

MATERIAL AND METHODS
Clinical materials and sample collections

Prior to surgical resection, peripheral blood samples were obtained from early
breast cancer patients in our hospital from 2007 to 2010; preoperative biopsy was done
and tissue pathology verified, while immunohistochemical (3%) or FISH confirmed HER2-
gene positive expression. On the basis of HER-2 expression, the patients were divided
into HER2-positive and -negative groups, and the common conditions and pathologic
features of the cases in the two groups are shown in Table 1. Statistical analysis showed
no substantial differences between the groups. Venous blood samples were obtained from
the two groups of patients before surgery and 1 month after chemotherapy (75 mg/m?
docetaxel, day 1; 90 mg/m? epirubicin, day 1, every 21 days, total of 6 cycles), and stored
at -80°C until RNA extraction. Ten cases of HER2-positive breast cancer remained on
Herceptin therapy (110 mg/week) for 1 month after chemotherapy, with the same method
being used to collect the samples. Patients provided signed informed consent before spec-
imens were collected.
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Table 1. Patient and tumor characteristic types.

Tumor characteristics HER-2 positive (N, %) HER-2 negative (N, %)
Menopausal status

Premenopausal 10 (66.7) 11 (61.1)

Postmenopausal 5(33.3) 7(38.9)
Histology

Ductal 12 (80.0) 14 (77.8)

Lobular 3(20.0) 3(16.7)

Other 1(5.5)
Stage

I 7 (46.7) 9 (50.0)

Ila 8(53.3) 9 (50.0)
Lymph node status

0 12 (80.0) 13(72.2)

1-3 3(20.0) 5(27.8)
Estrogen receptor status

ER(+) 8(53.3) 11 (61.1)

ER(-) 7 (46.7) 7(38.9)
Real time RT-PCR

Trizol RNA extraction kits were purchased from Promogac Company (CA,
USA). According to the manual of reverse transcription kits (Biotek, Beijing, China),
total RNA was extracted, and mRNA was reverse transcribed into cDNA. Primers were
designed and synthesized: CK19- forward: 5-ATGCGAAGCCAATATGAGGT-3'
and reverse: 5-AGTAACCTCGGACCTGCTCA-3'; pB-actin  primer- forward: 5'-
CCTTCCTGGGTATGGAATCCT-3' and reverse: 5-GGAGCAATGATCTTGATCTT-3".
The primers were produced by Shanghai Shenggong Company (Shanghai, China). PCR was
carried out in 25 pL, including 0.5 pL reverse transcription mix, 12.5 pL SYBR Green PCR
Mastermix (Bioteck, Beijing, China), 0.5 pL 10 mM forward and reverse primer, and DEPC
water to 25 puL. The reaction conditions were as follows: pre-denaturation at 95°C for 10 s
and 40 cycles of denaturation at 95°C for 5 s, and annealing at 60°C for 34 s. Quantitative
real-timer PCR was performed in an ABI 7500 system, where the relative concentration of
CK19 cDNA was determined by the threshold cycle method for each sample, according to
manufacturer instructions.

Statistical analysis

The SPSS10.0 statistical software was used, where comparison between the two
groups was done with the rank sum test or y test, P < 0.05 indicated a significant difference.

RESULTS
CK19 expression in peripheral blood before surgery and after chemotherapy

Before the operation, all cases of HER2-positive cancers were positive for CK19
mRNA in peripheral blood, but 6 cases of HER2 negative breast cancer were positive (33.3%),
which was a substantial difference between the two groups (P = 0.000) (Table 2). After 6
cycles of adjuvant chemotherapy, 14 cases of HER2 positive breast cancer rendered positive
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results (93.3%), while only 2 negative cases expressed positive results, with the difference
still being significant. Peripheral blood expression was similar in breast cancer with distinctive
pathological features and different lymphatic metastasis and hormone receptor status.

Table2. Expression of peripheral blood CK19 pre-operation and post-chemotherapy.

Positive expression of CK19 (N, %)

Pre-operation Post-chemotherapy
HER-2 positive 15 (100)* 14 (93.3)*
HER-2 negative 6(33.3) 2 (11.1)

*Compared with HER-2 negative cases, the difference has statistical meaning. Significant difference was found
between HER-2 positive and negative groups.

Influence of Herceptin on the expression of CK19 in peripheral blood of HER2-
positive breast cancer patients

Ten cases of HER-2-positive breast cancer accepted Herceptin therapy. After 3 months
of Herceptin therapy, the expression of CK19 mRNA declined considerably in the 10 cases of
HER-2-positive breast cancer (113.66 + 88.65 vs 63.35+49.27, P=0.025). On the other hand,
in 5 cases without Herceptin therapy compared with 1 month of chemotherapy, the expression
of CK19 did not vary notably (78.20 = 69.85 vs 70.35 £ 59.77, P = 0.155) (Table 3).

Table 3. Variation of CK19 expressions in HER-2 positive patients accepted Herceptin therapy.

Type (N) Expression index of peripheral blood CK19 (means + SD)
Pre-treatment 3 months post-treatment

Herceptin group (10) 81.66 + 68.65* 23.35+19.27

Without Herceptin group (5) 78.20 + 69.85 70.35 +59.77

*Compared 3-month therapy, the difference has statistical meaning. In herception group, significant difference was
found between pre-treatment and post-treatment patients.

DISCUSSION

Among the prognostic factors for breast cancer, including tumor size, lymph node
status, hormone receptor status, HER2 gene expression, etc., especially for early stage breast
cancer, HER2 gene expression is the most important independent prognostic factor. Numer-
ous studies confirm that in various malignant tumors, including breast cancer, hematogenous
spread can occur early. Cytokeratin 19 (CK19) is a protein strictly specific for epithelial cells,
showing negative expression in non-epithelial tissue or cells such as normal blood, bone mar-
row and lymph nodes. Therefore, CK19 can be used as the micrometastasis marker for check-
ing if circulating tumor cells are present in the blood of cancer patients (Datta et al., 1994).
Giuliano et al. (2011) demonstrated in metastatic breast cancer that the number of circulating
tumor cells in peripheral blood cannot only be an indicator of prognosis, but can also be used
to predict the efficacy of first-line chemotherapy to provide individualized treatment options
for patients. Although among operable breast cancers, there is a lack of reliable evidence
verifying CTCs as a prognostic indicator, research has shown that in ovarian cancer and colon
cancer, high levels of preoperative CTCs in peripheral blood was significantly lower over-
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all survival. Meanwhile, after surgery and chemotherapy reducing CTCs indicates a better
prognosis (Negin et al., 2011; Aktas et al., 2011a). Lang et al. (2009) and Aktas et al. (2011b)
demonstrated that the number of CTCs in HER-2-positive operable breast cancer cases was
significantly higher than in negative cases. This indicated that HER2 gene expression may en-
hance the spread of cancer cells into the blood, regardless of primary tumor hormone receptor
status, while circulating tumor cells in peripheral blood were found to be mostly hormone re-
ceptor-negative. Our results also showed that, in early breast cancer, the positive expression of
CTCs in HER2-positive patients was considerably higher than in the HER2-negative patients.
Especially after the end of adjuvant chemotherapy, HER2-positive CTCs in peripheral blood
of patients still remained at high expression rates, while HER-2-negative CTCs in patients was
markedly reduced, implying the expression of HER-2 gene is closely related to CTCs.

In the treatment of breast cancer, neoadjuvant chemotherapy, adjuvant chemotherapy
and targeted therapy have a lack of effective biological indicators. Our previous studies con-
firmed that the number of CTCs in peripheral blood can be used as an index of the early ef-
ficacy of novel neoadjuvant chemotherapy (Lang et al. 2009). In this study, 10 HER2-positive
patients were treated with Herceptin for 3 months, which caused a marked decrease in the
number of CTCs. By contrast, the expression of CK 19 in the peripheral blood did not signifi-
cantly change for 5 cases who did not receive Herceptin therapy. This indicated that CTCs
in Herceptin therapy played an important role in determining drug effectiveness during the
treatment. Picking CTCs in peripheral blood as an indicator, also has advantages such as
sample can readily drawn, CTCs can be easily detected, and test be repeated simply. Obvi-
ously, more detailed clinical trials are still needed to see whether CTCs have a true prognostic
value in HER-2-positive breast cancer, and if the course of Herceptin treatment can be based
on changes in CTCs, and if the efficacy of Herceptin therapy can be accurately determined by
monitoring CTCs.
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