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Abstract

Background

U7

CRIP1 (cysteine-rich intestinal protein 1) has been found in sevenabr types, its
prognostic impact and its role in cellular processes, partigularbreast cancer, are still
unclear.

Methods

To elucidate the prognostic impact of CRIP1, we analyzed ti$suasl13 primary invasive
ductal breast carcinomas using immunohistochemistry. For the functioa@cterization gf
CRIP1, its endogenous expression was transiently downregulated inafdi/BT474 breast
cancer cells and the effects analyzed by immunoblotting, WST-epation assay and
invasion assay.

Results

We found a significant correlation between CRIP1 and HER2 (human mwidgrowth
factor receptor 2) expression leveps< 0.016) in tumor tissues. In Kaplan Meier analyges,
CRIP1 expression was significantly associated with the dist@tastases-free survival |of

patients, revealing a better prognosis for high CRIP1 expregsien0(039). Moreover, in
multivariate survival analyses, the expression of CRIP1 wasndependent negative
prognostic factor, along with the positive prognosticators nodal stattisumor sizep(=
0.029). CRIP1 knockdown in the T47D and BT474 breast cancer cell lines ldgk|to
increased phosphorylation of MAPK and Akt, to the reduced phosphorylateait®f and to
a significantly elevated cell proliferatiom vitro (p < 0.001). These results indicate that
reduced CRIP1 levels may increase cell proliferation and aetoelt growth. In addition,
CRIP1 knockdown increased cell invasiarvitro.

Conclusions

Because the lack of CRIP1 expression in breast cancer tissue is siglyifissociated with ja
worse prognosis for patients and low endogenous CRIP1 lewelstro increased the
malignant potential of breast cancer cells, we hypothebaieGRIP1 may act as a tumor
suppressor in proliferation and invasion processes. Therefore, CRIheran independent
prognostic marker with significant predictive power for use in breast ctre@py.

Keywords

CRIP1, HER2, ERB-B2, Breast cancer, Tumorigenesis, Prognosis, Invasion, RINWA
interference, Proliferation



Background

Breast cancer is the most common cancer diagnosed among wotheWestern world and
is the leading cause of female cancer death [1]. The deteromnatithe hormone receptor
status (estrogen (ER) and progesterone (PR)) has become rétgmdatice in the

management of invasive breast cancers and is useful as a prognaspredictive factor [2].

Similarly, human epithelial growth factor receptor 2 (HER2) pasit which is observed in

approximately 30% of breast cancers, is an important markesefecting targeted therapy
with the monoclonal anti-HER2 antibody trastuzumab (Herceptin™) [2e8jalse a portion

of HER2-overexpressing tumors is nonresponsive to Herceptin™ therapy,jsteneed to

identify additional markers linked to HER receptors and assdcsagmaling proteins for the
development of other targeted therapeutic treatments.

CRIP1 (cysteine-rich intestinal protein 1) belongs to the LIM/dedohc finger protein
family and has been shown to be overexpressed in several tunes; tgpluding breast,
cervical, prostate, pancreatic, and colorectal cancers [7-11]. Howhtdler is known
regarding its prognostic impact and functional role in human canPeevious studies have
revealed an association between CRIP1 and HER2 levels in breast calls. In breast
cancer cell lines and human breast cancer tissues, an over-expodd$ER?2 was correlated
with an over-expression of CRIP1 [4,12,13]. A recent study on an intestp®lof gastric
cancer reported that the over-expression of CRIP1 was an independkctopi shortened
survival [14]. Patients with a high expression of CRIP1 displayededsed survival
probabilities compared with patients with low expression levels RIPC. Conversely, in
osteosarcomas, CRIP1 expression was more frequently found in patiémtong-term
survival and without metastases, indicating a favorable prognostic effect [15]

To date, there is no functional characterization of CRIP1, angtatsse role in cancer cells
and its impact in prognosis are still unclear. The aim of thidyswas to analyze the
prognostic impact and functional role of CRIP1 in human breast cdssieg FFPE tissues
from invasive ductal breast carcinomas (IDC), we show an asgocibetween CRIP1
expression and histopathological parameters and, the clinical courgbe otlisease.
Additionally, we identified functional properties of CRIP1 in twomanent breast cancer
cell lines using RNA interference (RNAI).

Results

Association between CRIP1 and immunohistochemicahal histopathological
parameters

We found no or low CRIP1 expression in 79 tumors (37 were negative amerd2lassified
as 1+), medium expression in 20 tumors (classified as 2+) andCRghL expression in 14
tumors (classified as 3+). In breast cancer tissue positivaegative staining of CRIP1 was
frequently associated with HER2 staining (Figure 1). A sigaift correlation was found
between CRIP1 and the expression of HER2=-(0.016), and an inverse correlation was
found between CRIP1 expression and estrogen receptor dER0.04). No significant
association was identified between CRIP1 and lymph node status, sirapthistological
grade, or progesterone receptor expression.



Figure 1 The co-expression of HER2 and CRIPL1 in breast cancer tissugepresentative

images of breast cancer tissues showing positive or negative immunohistattstamning
for HER2 and CRIP1, respectively.

Impact of CRIP1 on the clinical course of patients

In univariate analyses of the distant metastases-freevali the patients, a significant
positive correlation was found between CRIP1 expression{.039) and a more favorable
prognosis for patients with positive CRIP1 expression (classified B+) (Figure 2A, Table
1). HER2 expression was not significantly associated with thecalicourse of the disease
(p = 0.8). In the tumor cohort analyzed, there was no significant assodietween CRIP1
expression and the lymph node status of the patients. However, wheongidered only
lymph node-positive tumors, a trend was observed between CRIP1 posihdtp better
clinical course of the diseage£ 0.09) (Table 1).

Figure 2 Kaplan Meier survival analysis of the distant metastases-free survivaif

patients. (a) Patients were grouped according to CRIP1 expression into negative (0) and
positive (classified 1+ to 3+) group$) (Only patients with HER2-positive tumors were
stratified according to their CRIP1 expression (negative vs. positive).

Table 1Results from univariate and multivariate survival analyses for a distant
metastases-free survival of breast cancer patients

CRIP1

negative (0) 36 21/ 58%

positive (1+, 2+, 3+) 75 28 /37% p =0.039
CRIP1 in node negative tumors

CRIP1 negative (0) 23 11/48%

CRIP1 positive (1+, 2+, 3+) 44 11/25% p=0.1n.s.
CRIP1 in node positive tumors

CRIP1 negative (0) 13 10/ 77%

CRIP1 positive (1+, 2+, 3+) 33 17/52% p=0.09 n.s.
CRIP1 in HER2-negative tumors (0)

CRIP1 negative (0) 14 7 150%

CRIP1 positive (1+, 2+, 3+) 14 5/36% p=0.6n.s.
CRIP1 in HER2-positive tumors (1+, 2+, 3+)

CRIP1 negative (0) 21 14/ 67%

CRIP1 positive (1+, 2+, 3+) 59 23/39% p =0.021
Multivariate Cox regression analysis

coefficient chi p-value
nodal status 0.86 7.45 0.006
tumor size 0.51 458 0.03
CRIP1 -0.66 4.28 0.039* totpl= 0.02¢

*inverse correlation, Significant p-values are in bold.



The CRIP1 expression in our tumor cohort was associated with theseiqr of HER2[( =
0.016). Considering the CRIP1 expression in only HER2-negative tumobde (I® no
significant association was found with the clinical course. HowewerHER2-positive
tumors, two different prognostic groups could be identified according toCRE1
expression. CRIP1-positive tumors showed a better prognosis, with 3p&gierts (23 out
of 59) suffering distant metastases compared with 67% (14 of 21)Rd®lcnegative
patients, within the follow-up period of more than 30 yeprs (0.021) (Figure 2B, Table 1).
This result clearly indicates that CRIP1 expression may hsetul prognostic marker in
HER2-positive tumors.

Remarkably, in multivariate Cox regression analysis, CRIP1 provdx tan independent
prognostic factor, along with nodal status (pN) and tumor size (F)0(039) (Table 1).

Co-expression of HER2 and CRIP1 in the T47D breastancer cell line

For functionalin vitro analyses, appropriate breast cancer cell lines were iddntifat co-
expressed both HER2 and CRIP1 at adequate levels. The adequateessierpof both
proteins was detected in the T47D, BT474 and MDA-MB-361 cell lines gbugeven
analyzed breast cancer cell lines) (Figure 3A). In this stwayselected T47D and BT474
cells for CRIP1 knockdown and subsequent analyses because in thesthegi®tein
expression levels of CRIP1 and HER2 were higher than in the MDA-MB-361 cells.

Figure 3 CRIP1 protein levels in breast cancer cell lines and after transign

downregulation in T47D cells.(A) Western blot analysis of HER2 and CRIP1 expression in
seven breast cancer cell lines using antibodies targeting HER2, CRIP1 anu {oladling
control). B) Western blot analysis of CRIP1 expression in nontransfected T47D cells (mock)
and transiently transfected T47D cells using four different sSiRNAs andfsiBRPDH

(positive control).

The downregulation of CRIP1 significantly elevateshe cell proliferation in
vitro

After the identification of small interfering RNAs (siRISA that showed specific and
efficient CRIP1 downregulation (Figure 3B and Additional file 1), #ifects of CRIP1
knockdown in the T47D and BT474 cells on the expression and phosphorylation of HER2
signaling-associated proteins were analyzed using immunaoigiotfrollowing CRIP1
knockdown, no effects were observed for HER2 (human epidermal growdh feceéptor 2),
and HER2-related and proliferation-associated signaling prolddasMAPK (mitogen-
activated protein kinase), STAT3 (signal transducer and activatbamécription 3), Akt,
cdk2 (cyclin dependent kinase 2) or PTEN (phosphatase and tensin homologee dele
chromosome ten) protein expression levels (Figure 4A). In contragbhtisphorylation of
MAPK at Thr202/Tyr204 was increased in both cell lines due to CRI&vnregulation
(Figure 4A). This mitogen-activated protein kinase is involved il peoliferation,
differentiation and growth [16]. Phosphorylated MAPK activates the dogarst
phosphorylation of its substrates in the cytoplasm, or it transkdatéhe nucleus and
subsequently regulates gene expression through the phosphorylation ofgtiansfactors.
p38 MAPK regulates cell survival and apoptosis [16]. The phosphorylatipB&BMAPK at
Thr180/Tyr182 leads to the activation of other MAPK and transcriptiotoria¢hat also
regulate apoptosis. CRIP1 knockdown did not lead to an altered phosphorylap38 of



MAPK (data not shown). Akt activation leading to the regulation of gahand apoptosis is
regulated by phosphorylation at Thr308 and Ser473 [17]. CRIP1 knockdown led to an
increased phosphorylation of Akt at Thr308 (Figure 4A).

Figure 4 CRIP1 silencing results in the activation of signaling proteins involveth cell
proliferation. (A) Western blot analysis showing the expression and phosphorylation levels

of signaling proteins after the knockdown of CRIP1 in T47D and BT474 breast cancer cells
using HER2, (phospho) MAPK, (phospho) STAT3, (phospho) Akt and (phospho) cdc2
antibodies. Tubulin was used as a loading control. The mean values of three independent
experiments are showrB) Seventy-two hours after transfection, the WST-1 reagent was

added to a defined amount of T47D and BT474 cells and the absorbance measured after 3 h is
shown. The graph represents the amount of viable cells in relation to the mock control. The
means of five independent experiments, the standard deviations andvaikeies are shown.

For statistical analyses, the student’s t-test was performed.

The phosphatase PTEN is a tumor suppressor that negatively rethaa®d3K/Akt pathway
[18]. The phosphorylation of PTEN impairs its tumor suppressive fundiiBiP1 silencing
did not affect the phosphorylation of PTEN (data not shown).

STATS3 drives cell growth, survival, differentiation and gene exgioasvia phosphorylation
at Tyr705. The phosphorylation at Ser727 is associated with itsg@edranscription factor
[19]. After the siRNA-mediated downregulation of CRIP1, we did noenfesan altered
phosphorylation of STAT3 at Ser727, but the phosphorylation at Tyr705 wagseelena
T47D cells (Figure 4A), in BT474 cells this phosphorylation sites wat detectable. We
further analyzed the expression and phosphorylation of cell cycleinzate response to
changes in CRIP1 expression. No altered expression was obsenaaliiorE, cyclin D1,
cyclin A proteins or the cyclin-dependent kinase 2 (data not shown)ewmwve observed a
reduced phosphorylation of cdc2 at Tyrl5 in both cell lines following CRiiencing
(Figure 4A).

In addition, we investigated the proliferation of T47D and BT474 cellsvioig CRIP1
knockdown based on the enzymatic cleavage of tetrazolium salt§onma@zan (WST-1
proliferation assay). Compared with control cells (mock and celisstected with siRNA
targeting GAPDH) the proliferation was significantly eledatéd approximately 40% when
T47D cells were depleted of CRIP1 using the most efficient A&iR{Figure 4B). In BT474
cells, in both silencing approaches the proliferation index wastetkwh over 40% or 60%,
respectively (Figure 4B).

CRIP1 silencing enhances the invasion of breast ceer cells

To further elucidate the functional role of CRIP1 in breast cam@gnalyzed the migration
or invasion of transfected and control T47D and BT474 breast canter@eé to a non-
confluent cell formation, the BT474 cells are not suitable fewoand scratch assay. The
migration of T47D cells was not affected by reduced CRIP1 pri¢sels (data not shown).
In contrast, compared with control cells, the invasion of T47D celis2vafold higher after
knockdown of the CRIP1 protein using the most efficient SIRNA1 (Fig&e In addition,
the invasion of BT474 cells was also elevated (approximatelydd3higher) following
CRIP1 knockdown. To further confirm this observation, we determined theatémt of
MMP9 (matrix metalloproteinase 9) with the immunoblotting of shpernatants of serum-
starved cells. The activation of MMP9 (illustrated by the ban®4akDa) was slightly



increased following CRIP1 silencing in T47D cells (Figure 5B)thim BT474 cell line, the
MMP9 protein was not detectable.

Figure 5 CRIP1 knockdown increases the invasive potential of T47D and BT474 breast
cancer cellsin vitro. (A) A quantification of the invasion assay of nontransfected T47D cells
or BT474 cells (mock) compared with transiently transfected T47D cells or BEeAis#48 h
post-transfection (T47D cells) and 72 h post-transfection (BT474 cells). The nieas aad
standard deviations of two independent experiments are shByW\.gstern blot analysis
showing the expression of cleaved (84 kDa band) MMP9 in supernatants of nontransfected
T47D cells (mock) and T47D cells with transiently downregulated CRIP1 &sipreusing
effective siRNAs and siRNA_GAPDH (positive control). The mean values of three
independent experiments are shown.

Discussion

CRIP1 was first identified in the mouse small intestine thratggpattern of developmental
regulation during the neonatal period [20]. It is a member of tiMdduble-zinc finger
protein family and is a developmentally regulated protein that apgeaplay a role in
protein-protein interactions during transcriptional processes [21-23hbdes of the LIM
zinc-finger protein family are thought to play a role in the ghowahd differentiation of
eukaryotic cells [24,25]. CRIP1 has also been suggested to play i ithie host defense
system, and the differential expression of CRIP1 can altekiog patterns and the immune
response in transgenic mice [24]. The overexpression of CRIP1 has beeredbs several
human malignant tumors, including cervical cancer, breast canceiatproancer, colorectal
cancer, pancreatic cancer, gastric cancer and osteosarceiigl$715]. However, no
agreement has been reached regarding the results obtained fraomibrs of different
entities, and the functional role of CRIP1 is still unclear.

In breast cancer, a role for CRIP1 was proposed in HER2 gdetateogenesis because the
upregulation of CRIP1 was recorded in HER2-overexpressing carcinointas breast [4],
which indicates an indirect prognostic effect of CRIP1. Funtioee, Rauser et al. confirmed
these results using mass spectrometry by identifying CRXplession in HER2-positive
breast tumors [13]. In our study on primary breast carcinomas, IC&{pression that was
detected by IHC was not significantly correlated with HER@ression. However, regarding
the distant metastases-free survival of patients, we demods&ateore favorable clinical
course for HER2-positive tumors that expressed CRIP1 compared ERR2-dositive
tumors lacking CRIP1.

To the best of our knowledge, a positive association between CRIPlhandistant
metastases-free survival of breast cancer patients hasemdescribed previously. Here, we
show that patients with CRIP1-expressing tumors have a more favpraglesis compared
with patients with CRIP1-negative tumors. Moreover, we show thaPCRkpression in
breast carcinomas is of independent (inverse) prognostic value liivanate survival
analyses in addition to lymph node status and tumor size. Baumhoeratsoafound a
favorable clinical course for patients with CRIP1 expression iaosarcoma [15], which
fully corresponds to our results in breast carcinomas. Howeverjnttegse prognostic
relevance of CRIP1 expression that we identified in our tumor cahordt in agreement
with results obtained in gastric cancers [14]. Studies in gastric cancerddravastrated that
CRIP1 expression is directly associated with a worse prognosis fantpatie



CRIP1 was also described in breast cancer to be among a payeries relevant to bone
metastases [26,27]. In our study, we did not analyze metastaseprimary breast tumors,
in which CRIP1 expression was not significantly associated waitiph node metastases or
tumor size. Ouiin vitro analyses confirm the findings in metastatic tissues. The we/asi
behavior of the cells was strongly elevated following CRIP1 knockdowd 7> and BT474
cells. Additionally, we confirmed that the potential for the enhannedsion of the cells
after CRIP1 knockdown may also be based on the increase in active Watrix
metalloproteinases) 9 levels. MMPs are key proteins in wound he#linmgr invasion,
angiogenesis and carcinogenesis [28]. A prerequisite for invasthas tumor malignancy
is the cleavage of the precursor protein into the active MMP [28Ehwin our study, was
elevated after CRIP1 downregulation.

Latonen et al. found that CRIP1 protein expression was upregulated rasponse to
increased cellular density, indicating a proliferation-redu@otivity of CRIP1 [30]. This
observation is in agreement with aurvitro analyses, suggesting that low CRIP1 protein
levels promote cell proliferation.

To further characterize the function of CRIP1 in breast campegticularly its role in cell
signaling and proliferation processes, we investigated the phosplmrystatus of several
signaling molecules (MAPK, STAT3, PTEN and Akt). These protaires all essential in
cellular processes, including proliferation, survival, growth, mignatdifferentiation and
anti-apoptotic pathways [16,19,31-33]. Following CRIP1 knockdown, we observed an
elevated phosphorylation of MAPK. This kinase promotes proliferation, Qroavid
migration through the phosphorylation of other key regulators and tratiser factors.
Elevated levels of phosphorylated MAPK due to CRIP1 knockdown could inctease
proliferation and growth of breast cancer cells; however the éegirehe effects were
dependent on the respective cell line and used siRNA. This outcomeaomnajate with
different genetic features and signaling pathways in the used cell lines.

STAT3 also plays an important role in cell growth, survival, diffeation and gene
expression via phosphorylation at Tyr705 followed by dimerization, traatsdocto the
nucleus and DNA binding. STAT3 phosphorylation at Ser727 is assbeidtte its role as a
transcription factor [19]. Although the latter phosphorylation site neasaffected, increased
STAT3 phosphorylation at Tyr705 was observed after CRIP1 knockdown in TellgDThis
outcome indicates an association of CRIP1 with selective STAfiBaaon, and reduced
CRIP1 protein levels increase cell proliferation and survival via STAT3 #ctiMa vitro.

We also determined the activation of Akt through phosphorylation é808hand Ser473
using Western blot analysis. Activated Akt regulates survievadl apoptosis through
inhibiting target proteins [17,33]. After CRIP1 knockdown, we observed aaase in Akt

phosphorylation at Thr308 that may cause reduction in anti-apoptotidisggridhese results
indicate that CRIP1 is associated with Akt.

Because CRIP1 knockdown did not affect the phosphorylation of p38 MAPK di,R¥v&
conclude that p38 MAPK- and PTEN-mediated signal transduction is indepeof CRIP1
expression levels.

After CRIP1 knockdown, we also analyzed theitro phosphorylation status of cdc2, a cell
cycle protein that is involved in the entrance into mitosis [34,35]PCRilencing led to a
slight reduction of phosphorylation of cdc2 at Tyrl5 and a consequamtigiase in the



activation of this cell cycle protein, which again suggests thlafpcoliferation increases at
low CRIP1 levels. In addition, our Western blot results were underpibpeggnificantly
increased proliferatiom vitro when CRIP1 was downregulated in T47D and BT474 breast
cancer cells. Recently, Jeschke et al., also described CREPpaiential prognosticator for
poor overall survival in breast cancer based on the methylati€@R&#®P1 gene promoter
which may lead to its silencing [36]. This fully agrees with study demonstrating that
downregulation of CRIP1 in breast cancer cell lines rather leads to inti@kproliferation

and invasion and this may also result in a poor prognosis for breast cancer patients.

In this study, we aimed to further characterize CRIP1 in bizaster. We identified CRIP1
as an independent prognostic factor of the metastases-free swifviwalast cancer patients
and found that, in HER2-positive tumors, CRIP1 expression allowed fodehéfication of
two distinct prognostic groups, with a better prognosis for patients wbos®'s exhibited
CRIP1 and HER2 expression. These results show that CRIP1 may asean additional
therapeutic and prognostic marker, particularly in HER2-positimeots. Furthermore, the
results of ouiin vitro analyses indicate a possible tumor suppressor role for CRIPaskeeca
its silencing was favorable for tumor cell proliferation, tumenig signaling and the
invasive potential of breast cancer cells.

Conclusions

CRIP1 was shown to be associated with HER2 expression in breastr ¢camors, but its
function is still unclear. We show that in invasive breast carcispiB&IP1 expression is
associated with not only HER2 expression but also the metastasesdfvival of patients,
with a more favorable prognosis for patients with high CRIP1 egm®e. In HER2-positive
tumors, two distinct prognostic groups could be identified according to RIP1
expression.

The downregulation of CRIP1 in T47D and BT474 breast cancer celltectsn the
activation of signal transduction molecules (MAPK and Akt) andimyd#pendent kinase
(cdc2) and caused an increase of cell proliferation and invasuino.

Our results demonstrate that low CRIP1 expression promotes idrealdular proliferation
and the invasion of cellis vitro and is associated with a worse prognosis for breast cancer
patients. Therefore, CRIP1 represents an additional prognostic marker in breast c

Materials and Methods

Tumor samples

Ethical approval concerning the use of tumor tissues in this studyoiMained from the
Ethics Committee of the Medizinische Fakultdt der Technischervelitat, Munich,
Germany. All experimental research described here was p@&doom human tissue only and
was in compliance with the Helsinki Declaration. Formalin-fixadl paraffin-embedded
archival material was randomly collected from 113 patients wittasive ductal breast
carcinomas. In total, 67 of the tumors were node-negative, and mds tafrhors (n = 72)
were less than 2 cm in size. According to the histological d&femost of the tumors were
classified as grade 2 (n = 75), 9 as grade 1, and 29 as gradadlition to the standard
histopathological parameters (lymph node status, tumor size, histldgpe and grade),



immunohistochemical data from the tumors were available for HER® estrogen and
progesterone receptor. The median follow-up of patients was 134 monthsd@B8amonths),
with 49 (44%) of the patients showing disease recurrence wiidintisietastases within the
period of clinical follow-up.

Tissue microarrays

Tissue microarrays (TMAs) were produced as previously destrjB8] using a tissue-
arraying instrument (Beecher Instruments Inc., Silver Spring, M&4). Hematoxylin- and
eosin-stained sections of the TMAs were examined, and the onpgireffin blocks were re-
examined to validate representative sampling.

Immunohistochemical analyses

Immunohistochemical staining was performed gm8thick sections of the TMAs using an
automated stainer (Discovery XT) and a DAB Map kit (both Ventamaiddl Systems,
Tucson, AZ, USA). The CRIP1 primary antibody (AbD Serotec, Oxfor€) Was diluted
1:100, and the staining intensities were scored by two independentersgsing a 4-point
scale as indicated: 0 (no staining) and from 1+ (light staining) to 3+ (stronmgja

Statistics

The correlations between CRIP1, HER2, and the histopathological parametexamined
with Spearman’s rank correlation test. For univariate survivdyses Kaplan Meier curves
were calculated, and the differences between strata weheatdh with the log-rank chi-
squared test. A multivariate analysis was performed using Copogional hazards
regression and a stepwise selection algorithm (SAS Instifag;, NC, USA) All of the
parameters showing a significance levepef 0.15 in univariate analysis were analyzed with
multivariate analysis. In all of the other tests, staastgignificance was establishedpif<
0.05.

Cell culture and transient silencing of CRIP1

The human T47D and MCF7 breast cancer cell lines were maintané&PMI| 1640
(Roswell Park Memorial Institute) medium. The human BT474, SKBR3, NMBA231,
MDA-MB-361 and JIMT breast cancer cell lines were maintaime®MEM (Dulbecco’s
Modified Eagle Medium). The media were supplemented with 10% BBSantibiotics
penicillin and streptomycin (0.5%), 1@/ml human insulin (for the T47D, MCF7 and JIMT-
1 cells), and the cells were maintained at 37°C in 5%. CO identify efficient and specific
siRNAs for the knockdown of CRIP1, T47D and BT474 breast cancerveetts transiently
transfected with four different siRNAs (Invitrogen, Carlsbad,, @A, and Santa Cruz
Biotechnology, Heidelberg, DE) and positive and negative control siRbIAE8 h and 72 h,
as described previously [39]. Specific transfections were peefbrin three independent
experiments.



Western blot analysis

For SDS-PAGE and Western blot analysis, T47D and BT474 breast calisavere treated

as described previously [39]. The proteins were detected with priamibodies targeting
CRIP1 (AP4707b, Abgent, San Diego, CA, USA); HER2 (A0485, DAKO, Glostrup, DK)
(phospho, 9554) PTEN (9559), (phospho, 4376) MAPK (4695), (phospho, 9211) p38 MAPK
(9212), phospho-STAT3 (9131 and 9134), (phospho, 4056) Akt (9272), phospho-cdc2
(9111), and MMP9 (3852) (Cell Signaling Technology, Beverly, MAAYSdk2 (sc-6248)

and GAPDH (sc-25778) (Santa Cruz Biotechnology, Heidelberg, DE)TST810190, BD
Transduction Laboratories, Lexington, KY, USA); and actin (A5441) abdlin (T5168,
Sigma, St. Louis, MO, USA). Anti-rabbit (NA934) and anti-mouse 982 peroxidase-
conjugated secondary antibodies were obtained from GE Healthchadfof@ St. Giles,
Buckinghamshire, UK). All bands showing altered intensities &&IP1 knockdown were
quantified relative to the control bands using the Molecular Im&pemiDo¢" XRS and

the analysis software Quantity One® (Bio-Rad Laboratories, HerculedJEA).

WST-1 cell proliferation assay

Cell proliferation was determined using the water-solubleazetium WST-1 (4-[3-(4-
lodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate) or f the
spectrophotometric assay according to the manufacturer’s prot@s015944001, Roche
Diagnostics, Mannheim, DE). One day after transfection, T47D and Bdell&dwere seeded
at a concentration of 1 x 4@ells per well in a 96-well tissue culture plate. Afterduling
48 h, the WST-1 reagent was added and the cells were incuba@e8 Foto 4 h at 37°C. The
absorbance of the infected and the control cells was measured aghawstground control
using a microplate ELISA reader (Bio-Rad, Minchen, DE) at 450refarénce wavelength
at 655 nm). Five independent experiments were performed.

Wound scratch migration assay

A migration assay using transiently transfected and nontrangf€dfeD breast cancer cells
was performed twice and quantified as described previously [39]. &f, [ai confluent
monolayer of T47D cells was scratched using a 1 mm pipettehtgcélls were washed, and
serum-reduced medium was added at a concentration (0.1% FB&dueed proliferation
but was sufficient to avoid apoptosis or cell detachment [40]. THe were incubated at
37°C in 5% CQ and monitored.

Matrigel invasion assay

Control and transfected T47D and BT474 breast cancer cells weledsatea density of 5 x
10* onto BD BioCoat Matrigel Invasion Chambers (BD, Bedford, MA, USA24-well cell
culture plates and incubated for 24 h (T47D cells) or 48 h (BT474 cells) at 37°C oaiéeday
transfection. For T47D cells, epidermal growth factor (EGF, 25nhgi serum-reduced
medium) was used as a chemoattractant in the lower chambeheFBiT474 cells in the
lower chamber the complete medium was used and the invasion assayperformed
according to the manufacturer’s instructions. After incubationntreinvading cells were
removed from the apical side of the membrane with a cotton swakinyduing cells were
then fixed with methanol, stained with toluidine blue, and counted und&raseope. The
assay was performed twice.
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Additional_file_1 as PDF
Additional file 1 The original Western blots of CRIP1-deleted and mock T47D cells using
antibodies targeting CRIP1, GAPDH and Tubulin.
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