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Figure EV1. Profiling of a panel of HER2+ breast cancer cell lines for their sensitivity to HER2 targeting small molecule tyrosine kinase inhibitors.

The primary HER2i sensitive cells are marked on green, and the acquired HER2i resistant cells in red. The long-term resistant (LR) BT-474 and BT-474Br generated by
9-month treatment with lapatinib in this study are denoted in bold. The cells were treated with the increasing concentrations of the indicated HER2i compounds (in µM)
for 48 h and cell viability was measured using WST-1 assay.
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Figure EV2. E2F1 and FOXM1 target genes are inhibited across HER2+DTP cells.

(A) mRNA levels of selected predicted FOXM1 and E2F1 target genes regulated during different steps of acquisition of lapatinib resistance in BT474 cells (Fig. 1). Data is
blotted based on RNA sequencing analysis (Dataset EV1). (B, C) Expression of the predicted FOXM1 and E2F1 target genes in HER2+HCC1419 and EFM192A cells
between the DTP and the control cells. The RNA-seq data was obtained from Dataref: (Chang et al, 2022) (GSE155342). The cells were treated with lapatinib (2.5 µM) for
14 days to reach the DTP state. Data are shown as mean ± SD (n= 2). (D) Changes in the expression of FOXM1, PLK1, CCNB1, E2F1, CCNE2, and CDC6 in BT474Br cells
between the control and the DTP cells treated for 9 days with lapatinib (1 µM). Data is based on Q-PCR analysis from three technical replicates. The analysis was limited to
only these genes due to lack of sufficient mRNA material from the strongly growth suppressed DTP cells. Data are shown as mean ± SD (n= 3).

EMBO Molecular Medicine Majid Momeny et al

24 EMBO Molecular Medicine © The Author(s)

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE155342


Tu
ca

tin
ib, 0

Tu
ca

tin
ib, 0

.01

Tu
ca

tin
ib, 0

.05

Tu
ca

tin
ib, 0

.1
0

50

100

150
Ce

ll 
vi

ab
lit

y 
(%

)
BT474 BT474DUSP6-OEBT474DUSP1-OE

Afat
inib, 0

Afat
inib, 0

.01

Afat
inib, 0

.05

Afat
inib, 0

.1
0

50

100

150

Ce
ll 

vi
ab

ili
ty

 (%
)

BT474 BT474DUSP6-OE

Nera
tin

ib, 0

Nera
tin

ib, 0
.01

Nera
tin

ib, 0
.05

Nera
tin

ib, 0
.1

0

200

400

600

800

Ca
sp

as
e 

3/
7 

ac
tiv

ity
 (%

)

BT474 BT474DUSP6-OE

Nera
tin

ib, 0

Nera
tin

ib, 0
.01

Nera
tin

ib, 0
.05

Nera
tin

ib, 0
.1

0

50

100

150

Ce
ll 

vi
ab

ili
ty

n 
(%

)
BT474 BT474DUSP6-OE

C

A B

D

Figure EV3. DUSP6 overexpression protects HER2+ cells from HER2i-induced cell death.

(A, B) Ectopic overexpression of DUSP6 in BT474 cells inhibits neratinib-elicited effects on cell viability and apoptosis, as measured by WST1 cell viability assay and
caspase 3/7 activity, respectively. Data were collected from three independent experiments each performed in triplicate and analyzed by two-way ANOVA followed by
Tukey’ post hoc test. Statistically significant values of ****p < 0.0001 were determined. (C) Ectopic overexpression of DUSP6 in BT474 cells inhibits the afatinib-elicited
effects on cell viability, as measured by WST1 assay. Data were collected from three independent experiments each performed in triplicate and analyzed by two-way
ANOVA followed by Tukey’ post hoc test. Statistically significant values of ****p < 0.0001 were determined. (D) Ectopic overexpression of DUSP6, but not of DUSP1,
inhibits the Tucatinib-elicited effects on cell viability, as measured by WST1 assay. Data were collected from three independent experiments each performed in triplicate
and analyzed by two-way ANOVA followed by Tukey’ post hoc test. Statistically significant values of ****p < 0.0001 were determined.
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Figure EV4. The anti-proliferative activities of a library of small molecule modulators of phosphatases, kinases, and anti-apoptotic proteins in HER2i-resistant cells.

The indicated cells were treated with the increasing concentrations (in μM) of the compounds for 48 h and cell viability was measured using WST-1 assay. The long-term
resistant (LR) BT474 and BT474Br generated de novo by 9-month treatment with lapatinib in this study had comparable drug sensitivity profile to acquired resistant cell
line MDA-MB-453. The primary target of the used compound is indicated in parenthesis.
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Figure EV5. Lack of DUSP6 inhibition is associated with HER2i resistance.

(A, B) The effects of tucatinib on DUSP6 expression and the signaling pathway activities in (A) HER2i sensitive (green) BT474 cells or (B) HER2i resistant (red) MDA-MB-
453 and BT474BrLR cells. The cells were treated with increasing concentrations of tucatinib for 48 h, followed by Western blot analysis. (C) DUSP6 expression in MDA-
MB-453 cells is resistant to multiple HER2is including antibody therapy with trastuzumab. The cells were treated with indicated drugs for 48 h, followed by Western blot
analysis.
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