


findings are consistent with the observations that WNT5B

expression is enriched in TNBC compared to other WNT ligands

(Figure S2G) and that IMP3 is expressed specifically in TNBC

(Walter et al., 2009). Surprisingly, however, the expression of

WNT5A, another alternative WNT ligand, is very low in TNBC

and appears to be independent of IMP3 regulation. This obser-

vation is intriguing because WNT5A has been shown to enhance

the growth of mammary stem/progenitor cells (Kessenbrock

et al., 2017). In contrast, WNT5B represses the growth of these

cells (Kessenbrock et al., 2017), suggesting that the function

and expression of these alternative WNT ligands differ in mam-

mary gland biology and cancer.

Another important conclusion from our study is that IMP3 influ-

ences TAZ activation at multiple levels: WNT5B mRNA stability

and SLUG transcription. Previously, we had reported that IMP3

regulation of SLUG contributes to the behavior of TNBC cells,

but the mechanism involved escaped us and we were unable

to demonstrate that IMP3 affected SLUG mRNA stability (Sa-

manta et al., 2016). The data obtained here indicate that IMP3

regulates SLUG expression at the transcriptional level and that

this regulation is mediated by WNT5B by a mechanism that re-

mains to be determined. We also demonstrate that SLUG is

necessary for TAZ nuclear localization and activation, confirming

a previous study on osteogenesis (Tang et al., 2016). Similar to

Figure 3. SLUG Is Necessary for IMP3 Activation of TAZ

(A) Pie chart showing SLUGmRNA expression in breast cancer subtypes (PAM50 classification, cBioPortal). SLUG and TAZ expression was correlated using the

same database (right graph).

(B and C) SLUG expression was depleted using shRNAs (shSLUG-1 and shSLUG-2) in SUM-1315, MDA-435, and MDA-231 cells, and nuclear fractions were

blotted for SLUG and TAZ (B). The same cells were used to quantify TAZ target genes using qPCR (C).

(D) SKBR3 cells were transfected with an empty vector or a construct expressing SLUG, and nuclear fractions were blotted for SLUG and TAZ. Total RNA

extracted from the same cells was used to quantify TAZ target genes by qPCR.

(E) Control and IMP3-depleted SUM-1315 cells were transiently transfected with an empty vector (EV) or SLUG-expressing construct. Total RNA was extracted

and used to quantify TAZ target genes by qPCR.

(F) Total cell extracts from control and SLUG-depleted SUM-1315 and MDA-231 cells were blotted for pTAZ (S89) and LATS1 (T1079). p % 0.05.

Relevant data are shown as ± SE.
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IMP3 and WNT5B, SLUG is expressed preferentially in TNBC,

and it has been implicated in the genesis of these tumors (Guo

et al., 2012; Zhou et al., 2016). For this reason, mechanisms

that regulate its expression are critically important. There is evi-

dence, for example, that the SIRT deacetylase stabilizes SLUG

protein in this breast cancer subtype (Zhou et al., 2016). Our find-

ings suggest that SLUG expression can be regulated by multiple

mechanisms in TNBC, including transcription. Moreover, the

possibility that WNT5B contributes to the mechanism of SLUG

transcription suggests a novel function for this alternative WNT

ligand that may be distinct from the pathway bywhich it activates

TAZ by inhibiting LATS1/2 phosphorylation (Park et al., 2015).

Figure 4. WNT5B Mediates SLUG Transcription

(A) Control and IMP3-depleted HEK293FT and MDA-435 cells were transfected with a reporter construct bearing a 4-kb SLUG promoter upstream of firefly

luciferase, and they were assayed for luciferase activity (RLU) 24 hr post-transfection.

(B and C) Nuclear extracts from control and WNT5B-depleted SUM-1315 andMDA-231 cells were blotted for SLUG protein, and total RNA extracted from these

cells was used to quantify SLUG mRNA (B) and TAZ target genes by qPCR (C).

(D) Control and IMP3-depletedMDA-435 cells (shIMP3-1 and shIMP3-2) were transiently transfectedwith an empty vector orWNT5B-expressing construct. Total

RNA was extracted and used to quantify SLUG and WNT5B mRNA by qPCR.

(E) Control and IMP3-depleted HEK293FT cells were transfected with an empty vector (EV) or a construct expressing WNT5B. These cells were re-transfected

24 hr later with a SLUG-luciferase reporter construct and assayed for luciferase activity after another 24 hr.

(F) Expression of WNT5B and SLUG mRNA was correlated using cBioportal. The correlation coefficient (r) was estimated using Pearson’s correlation.

*p % 0.05.

Relevant data are shown as ± SE.
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EXPERIMENTAL PROCEDURES

RNA Sequencing Analysis

RNA sequencing analysis was performed using total RNA extracted from

control (shControl) and IMP3-depleted SUM-1315 cells. See the Supplemental

Experimental Procedures for details.

Biochemical Assays

Immunoblotting of whole-cell extracts, as well as cytoplasmic and nuclear

fractions, and qPCR were performed as described previously (Samanta

et al., 2016). Primers used for qPCR are listed in Table S3. Mammosphere

assays were performed as described previously (Samanta et al., 2016). For

the reporter assay, control or IMP3-depleted HEK293T cells were transfected

with a firefly luciferase reporter vector containing the SLUG promoter (4 kb)

(Chakrabarti et al., 2012) and assayed after 24 hr. A construct expressing

renilla luciferase was used as the transfection control. The relative light

unit (RLU) value was calculated as the ratio of firefly luciferase to renilla

luciferase activity (normalized luciferase activity). To measure mRNA stability,

control and IMP3-depleted SUM-1315 cells were treated with actinomycin-D

(5 mg/mL). Total RNAwas extracted and the expression of specificmRNAswas

quantified by qPCR.

Immunofluorescence Staining

Immunofluorescence staining of TAZ was performed as described previously

(Chang et al., 2015). The same protocol was used to stain b-catenin. Human

breast tumor sections were provided by Dr. Ashraf Khan (University of Massa-

chusetts Medical School).

Statistical Analysis

The data are shown as the ± SE. The p values (*) were determined using a

Student’s t test and p % 0.05 was considered significant. For correlation

studies, statistical significance was calculated by Pearson’s correlation.
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