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Background and Aims: The human epidermal growth factor receptor type 2
(HER-2) seems to be sensitive to nitrogen mustard, because nitrogen mustard heavily
alkylates on guanine. In this study, we examined the effects of nitrogen mustard on cell
growth and expression of HER-2 proteins in cultured human breast cancer cells.

Method: The HER-2 protein levels on the cell surface of breast cancer cells were
evaluated following treatment with various concentrations of Nitrogen-mustard-N-oxi-
de using flow cytometry.

Results: The HER-2 proteins were detected as high and moderate in ZR75-1 and
HBC-4, respectively. The addition of 0.5, 1 and 3 pg/ml of Nitrogen-mustard-N-oxide to
the medium significantly decreased in the HER-2 protein with a sharp peak in both the
ZR75-1 and HBC-4 cells. The mean value of the HER-2 protein expression in HBC-4
cells was 60%, 51% and 34% of the control, with the growth of 80%, 70% and 50% of
the control at 72 hours, respectively. The mean value of HER-2 protein in ZR75-1
cells was 94%, 93% and 70% of the control, with the growth of 70%, 50% and 30%o of
the control at 72 hours, respectively. A lower dose of Nitrogen-mustard-N-oxide
insufficient for growth inhibition did not show a decrease. Only the addition of
Nitrogen-mustard-N-oxide in a sufficiently high dose to show growth inhibition
down-regulated the HER-2 protein expression in human breast cancer cells.

Conclusion: We concluded that high concentrations of cyclophosphamide (CPA)
might be able to inhibit cell growth through down-regulation of HER-2 protein level in
breast cancer cell lines.

The human epidermal growth factor receptor type 2 (HER-2) protein belongs to the class
of tyrosine kinase receptor proteins, and its ligand was established recently (5,22). HER-2
protein is known to form a heterodimer with other proteins of the epidermal growth factor
(EGF) -family of HER-1, -3 and -4, and enhances the activity of receptors (1,9,15,16).
HER-2 overexpression caused an escape from the immune system by tumor necrosis
factor-induced apoptosis via the AKT/NF-Kappa B pathway (25). In breast cancer, HER-2
overexpression brings resistance to hormonal therapy (2,9), alkylating agents (6) and taxanes
(24). Modifying HER-2 overexpression of tumor cells on chemosensitivity has been
recently highlighted, but remains controversial.  Modifying HER-2 expression by
conventional therapeutic agents has not received sufficient attention. The HER-2 promoter
gene core-binding site has been reported as G-rich 'GCCCCGGG' (12), and HER-2 seems to
be sensitive to cyclophosphamide (CPA), because CPA heavily alkylates on guanine. CPA is
broadly used in breast cancer treatment in combination with other chemotherapeutic agents
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and is activated by cytochrome p 450 to the active form of CPA. In this study, we examined
the effect of Nitrogen-mustard-N-oxide on HER-2 protein expression.

MATERIALS AND METHODS

Breast cancer cell lines

HBC-4 was supplied by Drs. T. Kawaguchi and H. Sugano (Cancer Institute, Tokyo,
Japan) and ZR-75-1 was purchased from Dainippon Pharmaceutical Co. Ltd. (Osaka, Japan).
The cells were maintained in T medium supplemented with 10% fetal calf serum (12). The
cells were passage-cultured weekly prior to confluence.
Chemicals

Nitrogen-mustard-N-oxide (Nitromin, Mitsubishi Pharma Co. Ltd., Osaka, Japan), an
anti-c-erbB-2 monoclonal antibody (Nichirei Co., Tokyo, Japan) that reacts with the
extracellular domain of HER-2 product (gp-185) and Fluorescein- (FITC) conjugated
AffiniPure Goat Anti-Mouse IgG (H+L, Jackson ImmunoReseach Lab Inc., West Grove, PA,
USA) were purchased.
HER-2 staining

The HER-2 protein levels on the cell surface of breast cancer cells were evaluated
following treatment with various concentrations of Nitrogen-mustard-N-oxide. HBC-4 and
ZR-75-1 cell were incubated on T medium added 10% fetal calf serum with 0.5, 1, 3 pg/ml
Nitrogen-mustard-N-oxide at 72 hours. The cells were detached from plates with 10 mM
ethylene diamine tetraacetic acid (EDTA), rinsed in culture medium, washed twice with
phosphate buffer saline, and concentrated using 500rpm centrifugal separator for 60 seconds.
Extracted cells were incubated with T medium added 10% fetal calf serum with the 30 u | of
anti-c-erbB-2 monoclonal antibody. After washing with normal saline to remove unnecessary
monoclonal antibody, the cells were stained with 0.2 » g FITC conjugated AffiniPure Goat
anti-Mouse 1gG sequentially. The cells were washed again to remove the inaccuracy stain.
The FITC-stained cells were evaluated FL-lon a FACScan (Becton Dickinson,
Mountainview, CA, USA) and analyzed using CellQuest software (Becton Dickinson).
Isotype-matched control samples were evaluated in all the experiments to determine the
non-specific background fluorescence. The cell counts were obtained using a counting
chamber, and viability was ascertained by the trypan blue dye exclusion test

RESULTS

Growth inhibition of HBC-4 and ZR75-1 cells by Nitrogen-mustard-N-oxide

The growth inhibitory effects of Nitrogen-mustard-N-oxide on ZR75-1 and HBC-4 cells
are shown in Figure 1. The growth of HBC-4 cells was 80%, 70% and 50% of the control
with 0.5, 1, 3 pg/ml Nitrogen-mustard-N-oxide at 72 hours, respectively (Fig.1). The
growth of ZR75-1 cells was 70%, 50% and 30% of the control with 0.5, 1, 3 pg/ml
Nitrogen-mustard-N-oxide at 72 hours. Cell growth was inhibited in a dose-dependent
manner at above 1 ug/ml Nitrogen-mustard-N-oxide.
Modification of HER-2 protein expression by Nitrogen-mustard-N-oxide in HBC-4 and
ZR75-1 cells

Modification of HER-2 protein expression by 1, 3, 10 pug/ml Nitrogen-mustard-N-oxide
in HBC-4 and ZR75-1 cells was detected by flow cytometry (Fig. 2).
Nitrogen-mustard-N-oxide at 1, 3 ug /ml down-regulated HBC-4 cells (Fig. 2A) and ZR75-1
cells (Fig. 2B), and at 10 pg /ml these cells could not maintain a viable meaningful peak in

136



HER-2 EXPRESSION WITH NITROGEN-MUSTARD-N-OXIDE

the HER-2 protein. Dead cells treated with 10 pg/ml Nitrogen-mustard-N-oxide lost HER-2
protein expression within 24 hours.
Modification of HER-2 protein expression in HBC-4 and ZR75-1 cells by
Nitrogen-mustard-N-oxide

A lower dose of Nitrogen-mustard-N-oxide insufficient for growth inhibition did not
show decrease in HER-2 protein expression in either cell type. The intensity of HER-2
protein was measured by FITC, which is bound to HER-2 proteins. The mean value of FITC
in HBC-4 was 276.35, 236.11,and 157.84 with 0.5, 1, 3 ug/ml Nitrogen-mustard-N-oxide at
72 hours. But mean value was 464.05 in control. So, the mean value of the HER-2 protein
expression in HBC-4 cells was 60%, 51% and 34% of the control. And the mean value of
FITC in ZR-75 was 268.38, 264.47, and 199.45 with 0.5, 1, 3 pg/ml
Nitrogen-mustard-N-oxide at 72 hours, respectively. And the mean value was 284.61 in
control. The mean value of HER-2 protein expression in ZR75-1 cells was 94%, 93% and
70% of the control, respectively. (Fig.3).
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Fig. 1. Dose-responsive curves in growth inhibition of HBC-4 (O) and ZR75-1 (@) cells by
Nitrogen-mustard-N-oxide at 72 hours.  Cell counts obtained with a counting chamber are
shown compared to the control (%).
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Fig. 2. Dose-responsive modification of HER2 expression on HBC-4 (A) and ZR75-1 (B) cell
surfaces detected by flow cytometry compared to the control (%).
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HER-2 down-regulation
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Fig. 3. Modification of HER2 expression by 0.5, 1, 3, 10 pug/ml Nitrogen-mustard-N-oxide in
HBC-4 (O) and ZR75-1 (@) cells detected by flow cytometry at 72 hours.

DISCUSSION

CPA, a masked compound of nitrogen mustard, is a key drug in combination
chemotherapies for breast cancer. CAF (CPA, Adriamycin and 5-fluorouracil) and CMF
(CPA, methotrexate and 5-fluorouracil) are the standard therapies for breast cancer, and they
provide benefits especially for premenopausal breast cancer patients (14). CPA is thought
to be the most active component of CMF, while CAF additionally contains adriamycin and is
reported to be effective against HER-2 over-expressing breast cancer in high-dose regimens
(19).

One mechanism of the cytocidal effect of CPA is the ablating effect; CPA is known to
damage the ovaries and finally to cause menopause with cumulative doses above 5.2 g in
women in their forties and above 9.3 g in women in their thirties (17). Another mechanism
of the cytocidal effect of CPA just exists in combination chemotherapies, yielding great
benefits in estrogen receptor negative breast cancer (4,18). The molecular mechanism
underlying the effectiveness in combination chemotherapy has been reported as bcl-2 (8),
p53 (2), and HER-2. HER-2 is the most attractive, but involves a major difference between
the clinical observation and known underlying mechanisms. In this study,
Nitrogen-mustard-N-oxide caused down-regulation of the HER-2 protein only in high
concentrations, accompanied by growth inhibition in breast cancer cells.

In a clinical setting, anthracycline is known to be effective in adjuvant chemotherapy for
HER-2 positive breast cancer, while known underlying mechanisms are controversial (16).
Orr’s study has demonstrated that overexpression of exogenous HER-2 sometimes alters
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drug sensitivities, but sometimes has no effect, and overexpression of HER-2 by itself is not
sufficient to induce changes in chemosensitivity (21). However, Harris’s study claims that
up-regulation of topo Ilalpha in vitro and in clinical specimens is associated with increased
response to doxorubicin (presumptively by an increase in drug substrate) (13).

Alkylation of GC rich consensus by sulfur mustards (other alkylating agents) has been
reported to inhibit binding of the AP2 transcription factor, which is GC rich in vitro, by
alkylating the AP2 consensus domain to interfere with the AP2 mediated process (11), thus
enhancing growth inhibition. On the other hand, Rodenhui’s study reported that
HER-2-positive breast cancer is relatively resistant to alkylating agents (23). However, our
study showed that Nitrogen-mustard-N-oxide caused down-regulation of the HER-2 protein
only in high concentrations. This suggests that CPA acts via HER-2 modulation when used
in chemotherapy. Therefore, chemosensitivity without overexpression might be expected for
cases of HER-2 overexpression, which commonly resists chemotherapy, combining with
high concentrations of CPA. We cultured the residual cell lines to confirm the cells lived,
and each cell survived.

In conclusion, high concentrations of CPA might be able to inhibit cell growth through
down-regulation of HER-2 in breast cancer cell lines, and the effect of HER-2 modulation in
combination therapy is under investigation.
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