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ABSTRACT
Dysregulation of Na+/H+ exchanger isoform one (NHE1) activity is a hallmark 

of cells undergoing tumorigenesis and metastasis, the leading cause of patient 
mortality. The acidic tumor microenvironment is thought to facilitate the development 
of resistance to chemotherapy drugs and to promote extracellular matrix remodeling 
leading to metastasis. Here, we investigated NHE1 as a co-adjuvant target in paclitaxel 
chemotherapy of metastatic breast cancer. We generated a stable NHE1-knockout 
of the highly invasive, triple-negative, MDA-MB-231 breast cancer cells. The NHE1-
knockout cells proliferated comparably to parental cells, but had markedly lower rates 
of migration and invasion in vitro. In vivo xenograft tumor growth in athymic nude 
mice was also dramatically decreased compared to parental MDA-MB-231 cells. Loss 
of NHE1 expression also increased the susceptibility of knockout cells to paclitaxel-
mediated cell death. NHE1 inhibition, in combination with paclitaxel, resulted in a 
dramatic decrease in viability, and migratory and invasive potential of triple-negative 
breast cancer cells, but not in hormone receptor-positive, luminal MCF7 cells. Our 
data suggest that NHE1 is critical in triple-negative breast cancer metastasis, and its 

in vitro, highlighting NHE1 as a 
novel, potential co-adjuvant target in breast cancer chemotherapy.
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RESULTS:

Na+/H+ exchange activity, but not NHE1 
expression, is elevated in MDA-MB-231 (231-WT) 
cells in tumor mimetic conditions
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Figure 1: Na+/H+ exchanger expression and activity 
in parental MDA-MB-231 (231-WT) and NHE1-
knockout cells (231-KO). 
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Knockout of NHE1 inhibits the growth of MDA-
MB-231-driven subcutaneous tumors in vivo in 
athymic nude mice 

NHE1 inhibition potentiates the effect of 
paclitaxel on cell viability 
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NHE1 inhibition enhances the effect of paclitaxel 
on cell migration of triple-negative breast cancer 
cells

Figure 2: Characterization of NHE1-knockout (231-
KO) MDA-MB-231 cells. 
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NHE1 promotes cell invasiveness and its 
inhibition potentiates effects of paclitaxel on cell 
invasiveness

Figure 3: Effect of knocking out NHE1 on MDA-MB-231 xenograft tumor growth in female athymic nude mice. 
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DISCUSSION

in vivo and in vitro
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Figure 4: Effect of paclitaxel in combination with 
NHE1 inhibitors on cell viability of wild type (231-WT) 
and NHE1-knockout (231-KO) MDA-MB-231 cells, 
and MDA-MB-468 (468) and MCF7 cells. 
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Figure 5: Effect of paclitaxel in combination with NHE1 inhibitors on cell migration of wild type (WT) and NHE1-
knockout (KO) MDA-MB-231, MDA-MB-468 (468) and MCF7 cells. 
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Figure 7: Long-term invasion is dependent on the expression of NHE1 in MDA-MB-231 breast cancer cells. 

Figure 6: Invasiveness of stimulated (0.2% serum) or unstimulated (10% serum) 231-WT, 231-KO, MDA-MB-468 or 
MCF7 cells treated with paclitaxel +/- NHE1 inhibitors. 
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2, Loss of NHE1 reduces cell migration and 

invasion of triple-negative breast cancer cells

of paclitaxel
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MATERIALS AND METHODS

Cell lines and culture conditions

Generation of 231-KO (NHE1-knockout) cells

SLC9A1
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Xenograft tumor growth experiments
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Western blotting

Na+/H+ exchange activity (pHi) assay: 
Intracellular pH measurement

i

In cellulo

+

4
+ +

+

+

i

+

+, and all 
+/H+

Cytotoxicity, Viability and Proliferation assays

Migration assay
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Invasion assays
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Statistical Analysis
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