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Abstract There is a need for new biomarkers to more

correctly identify node-negative breast cancer patients with a

good or bad prognosis. Myristoylated alanine-rich C kinase

substrate like-1 (MARCKSL1) is a membrane-bound protein

that is associated with cell spreading, integrin activation and

exocytosis. Three hundred and five operable T1,2N0M0

lymph node-negative breast cancer patients (median follow-

up time 121 months, range 10–178 months) were evaluated

for MARCKSL1 expression by immunohistochemistry and

quantitative real-time PCR. The results were compared with

classical prognosticators (age, tumor diameter, grade,

estrogen receptor, and proliferation), using single (Kaplan–

Meier) and multivariate survival analysis (Cox model).

Forty-seven patients (15 %) developed distant metastases.

With single and multivariate analysis of all features,

MARCKSL1 protein expression was the strongest prog-

nosticator (P \ 0.001, HR = 5.1, 95 % CI = 2.7–9.8).

Patients with high MARCKSL1 expression (n = 23)

showed a 44 % survival versus 88 % in patients with low

expression at 15-year follow-up. mRNA expression of

MARCKSL1 in formalin fixed paraffin-embedded tissue

was also prognostic (P = 0.002, HR = 3.6, 95 % CI =

1.5–8.3). However, the prognostic effect of high and low was

opposite from the protein expression, i.e., low expression

(relative expression B 0.0264, n = 76) showed a 79 %

survival versus 92 % in those with high expression of

MARCKSL1 mRNA. Multivariate analysis of all features

with distant metastases free survival as the end-point showed

that the combination of MARCKSL1 protein and phospho-

histone H3 (PPH3) has the strongest independent prognostic

value. Patients with high expression (C13) of PPH3 and high

MARCKSL1 protein had 45 % survival versus 78 % sur-

vival for patients with low MARCKSL1 protein expres-

sion and high expression (C13) of PPH3. In conclusion,

MARCKSL1 has strong prognostic value in lymph

node-negative breast cancer patients, especially in those with

high proliferation.

Keywords Breast cancer � Proliferation � MARCKSL1 �
Lymph node-negative

Introduction

Breast cancer is a leading cause of female cancer mortality

in the western world, second only to lung cancer.

Improvement of survival with adjuvant systemic chemo-

therapy (AST) is less pronounced in lymph node-negative

patients than in lymph node-positive patients: the typical

15-year survival improvement is 35 % relative and 10 %
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absolute [1]. Discomfort, costs, and the sometimes serious

side effects of AST must be balanced against the relatively

good prognosis and moderately favorable prognostic

treatment effect in this subgroup of patients. Accurate and

reliable prognostic markers would be valuable in decision-

making regarding AST or not.

Previous studies have shown that proliferation assessed

by either mitotic activity index (MAI) or phosphohistone

H3 (PPH3) has strong prognostic value. Patients with a

high proliferation index have a 3.5–5 times higher risk of

developing and dying from distant metastases than those

with a low proliferation [2]. However, in spite of their

prognostic superiority, neither MAI nor PPH3 provide an

optimal accuracy and only 30–40 % of patients with high

proliferation die from their disease. It is therefore impor-

tant to evaluate if other biologically features have inde-

pendent or additional prognostic value.

Invasion of cells through the extracellular matrix (ECM)

is essential for malignant development. This multistep

process involves migration by two alternating modes of

action: cellular deformation allowing movement through

the ECM, or degradation of the ECM using factors such as

matrix metalloproteinases [3, 4]. Another protein which

has been implicated in cell motility, cell adhesion,

phagocytosis, membrane traffic, and mitogenesis is the

myristoylated alanine-rich C kinase substrate (MARCKS)

[5] and MARCKS-like 1 (MARCKSL1). MARCKS and

MARCKSL1 are both members of the MARCKS family of

myristoylated protein kinase C (PKC) substrates that bind

calmodulin after phosphorylation by PKC. All MARCKS

family proteins bind to the plasma membrane through their

N-terminal myristoylation tag and the effector domain,

while they differ in sub-cellular localization and mem-

brane-binding affinity (reviewed by [6]). MARCKSL1 is

mainly expressed in the brain and reproductive tissue along

with induced level of expression in macrophages upon

bacterial lipopolysaccharide stimulation [7–9]. Although

both MARCKS and MARCKSL1 are expressed in the

brain, they show different regional localization and

expression patterns during development, suggesting that

they are uniquely regulated and potentially support dis-

tinctive functions [10, 11]. Epithelial cells endogenously

express MARCKSL1, while fibroblasts have been reported

to lack mRNA encoding for MARCKSL1 [9, 12].

MARCKS and, less pronounced, MARCKSL1 are also

found to be involved in both bundling and cross-linking

actin [13]. Furthermore, MARCKS and MARCKSL1 are

critical for endothelial cell barrier enhancement upon

sphingosine 1-phosphate stimulation [14]. In in vitro

co-culture experiments, between breast cancer and bone

cells, MARCKSL1 was the most significantly altered

gene in response to estradiol in estrogen receptor alpha

(ERa)-positive breast cancer cells [15].

In this study, we have evaluated whether MARCKSL1

mRNA- and/or protein expression has prognostic value in

lymph node-negative breast carcinomas, either alone or in

combination with steroid hormone receptors, proliferation,

and other classical clinicopathological features.

Materials and methods

Patients and pathology

Prior to commencement the study was approved by the

Regional Ethics Committee. The guidelines for reporting

tumor marker studies were followed [16]. All 324 patients

were diagnosed with invasive, operable (T1,2N0M0) breast

cancer at the Stavanger University Hospital, between Jan-

uary 1, 1993 and December 31, 1998. In 103 patients, both

fresh frozen tissue and FFPE tissue were available while

for 221 patients only FFPE tissue was available. In 17 cases

there was not enough tumor material, one sample having

poor fixation and one having too much inflammation,

leaving 305 patients for analysis (Fig. 1). There were no

significant differences between the original 324 and final

305 cases in any of the features analyzed. The patients

were all treated according to the national guidelines of the

Norwegian Breast Cancer Group. The tumor size was

measured in the fresh specimens following excision and cut

in slices of 0.5-cm thick. The axillary fat was macroscop-

ically examined and all detectable lymph nodes were pre-

pared for histology. The median number of identified

lymph nodes was 12 (range, 1–27). All tissues were fixed in

buffered 4 % formaldehyde and embedded in paraffin,

furthermore in 103 patients representative samples of the

primary tumors were snap-frozen in liquid nitrogen and

stored at -80 �C. Four micrometer histological sections

were made and stained with hematoxylin–erythrosine–sa-

fran (HES). Histological type and grade were assessed by

two pathologists (EG and JB) according to the World

Health Organization criteria [17]. The MAI was assessed as

described elsewhere [18].

Operable breast cancer patients recruited (N=324)

Patients excluded (N=19):
-Not enough tumour material (N=17)
-Poor fixation (N=1)
-Too much inflammation (N=1)

Study cohort (N=305)

Fig. 1 REMARK diagram illustrating patient selection
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Immunohistochemistry

ER and progesterone receptor (PR), PPH3, Ki67, cytoker-

atin 5/6 (CK5/6), HER2, and MARCKSL1 expressions

were determined by immunohistochemistry (IHC) in whole

sections. Antigen retrieval and IHC techniques were based

on DAKO technology as described previously [19]. In

brief, paraffin-embedded sections with 4 lm thickness,

adjacent to the HES sections used for diagnosis, were

mounted onto silanized slides (#S3002, DAKO, Glostrup,

Denmark). Antigen was retrieved with a highly stabilized

retrieval system (ImmunoPrep; Instrumec, Oslo, Norway)

using 10 mM Tris/1 mM EDTA (pH 9.0) as the retrieval

buffer. Sections were heated for 3 min at 110 �C followed

by 10 min at 95 �C then cooled to 20 �C. ER (clone SP1,

Neomarkers/LabVision, Fremont, CA, USA) was used at a

dilution 1/400. PR (clone SP2, Neomarkers/LabVision)

was used at a dilution of 1/1,000. Rabbit polyclonal anti-

PPH3 (ser 10) (Upstate #06-570; Lake Placid, NY) was

used at a dilution of 1:1,500. Ki67 (clone MIB-1, DAKO,

Glostrup, Denmark) was used at dilution 1:100. CK 5/6

(Clone D5/16 B4, Dako, Glostrup, Denmark) was used at a

dilution of 1/100. Mouse monoclonal MARCKSL1 (Clone

K53, sc-130471, Santa Cruz Biotechnology, Santa Cruz, CA,

USA) was used at a dilution of 1:300. All antibodies were

incubated for 30 min at 22 �C. The EnVisionTM FLEX

detection system (Dako, K8000) was used for visualization.

Sections were incubated for 5 min with peroxydase-block-

ing reagent (SM801), 30 min with the primary antibody,

20 min with the EnVisionTM FLEX/HRP Detection Reagent

(SM802), 10 min with EnVisionTM FLEX DAB? Chro-

mogen (DM827)/EnVisionTM FLEX Substrate Buffer

(SM803) mix and 5 min with EnVisionTM FLEX Hema-

toxylin (K8008). The slides were dehydrated and mounted.

All immunohistochemical stainings were performed using

a Dako Autostainer Link 48 instrument and EnVisionTM

FLEX Wash Buffer (DM831). For HER2 assessments,

DAKO HercepTestTM was used according to the procedures

of the manufacturers.

Quantification of PPH3, CK5/6, ER, PR, Ki67, HER2,

and MARCKSL1

The PPH3 index was assessed as described elsewhere [20].

PPH3 expression was evaluated using the fully automated

VIS analysis system (Visiopharm, Hørsholm, Denmark),

using the same image processing principles described

previously [19].

For measuring percentage of Ki67 positive cells, the

semi-automatic interactive computerized QPRODIT sys-

tem (Leica, Cambridge) was used as described before [21].

For each measurement 200 fields of vision were selected,

the Ki67 percentage was defined as [(Ki67 positive)/(Ki67

positive ? Ki67 negative)] 9 100.

The percentage of CK5/6 positive tumor cells in each

tumor was scored using a continuous scale of 0–100 %. In

the final analysis, all tumors with any CK5/6 staining in

tumor cells were grouped as being positive as described

before [22]. ER and PR were scored as positive when

nuclear staining was present in[10 %, borderline 1–10 %

and scored negative when \1 % of the tumor cells had

nuclear staining. HER2 was scored according to the DAKO

HercepTest scoring protocol. All 2? and 3? cases were

regarded as positive. All sections were independently

scored by two of the authors.

For MARCKSL1, the slides were scored using the fol-

lowing criteria: overall diffuse cytoplasmic staining, mem-

brane staining, and granular staining in 10 high power fields

(1.59 mm2), usually the invasive front of the tumor. For each

of the criteria scoring from 0 to 3? (0 = lowest score,

3? = highest score) was given by assessing both intensity

and number of positive tumor cells. For the membrane

staining, the Dako HER2 scoring guideline was used. A total

MARCKSL1 score was calculated by adding all the scores

from the different criteria, resulting in a minimum score of 0

and a maximum score of 9. The slides were scored blinded

and separately by two of the authors (DJ and IS).

RNA isolation and qPCR for FFPE tissue

All sections were evaluated by an experienced breast

pathologist (EG) in order to assess the percentage of tumor

cells in each tissue. All tissues contained at least 50 %

tumor cells in the area selected for RNA isolation. Five

sections of 10 lm were used for RNA isolation, in some

cases a selected area was isolated by macrodissection from

the slides. Total RNA was isolated using miRNeasy for

FFPE Kit (Qiagen, Valencia, CA) according to the protocol

provided by the manufacturer. For quality control all

samples were analyzed on a Nanodrop Instrument (Thermo

Fisher Scientific, Waltham, USA). cDNA samples were

made out of 500 ng total RNA using the High Capacity

cDNA RT Kit (Applied Biosystems, Carlsbad, California),

following the manufacturers protocol. Two microliter of

diluted cDNA (1:5) was used with the QuantiTect Syber

Green PCR Kit (Qiagen), to a final reaction volume of

20 ll. Real-time PCR quantification was performed with a

Light Cycler 480 (Roche, Zurich, Switzerland), using

5-lM MARCKSL1 specific primers (forward primer:

GAAGGCCAACGGCCAGGAGA, reverse primer: CAG

GGGGCGACTCCCCTTCA) and 5 lM of GAPDH spe-

cific primers (forward primer: TCTTTTGCGTCGCCAGC

CGA, reverse primer: CGACCAAATCCGTTGACTCCG

ACC) (Eurofins MWG GmbH, Ebersberg, Germany).
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To determine the relative expression level of each target

gene, the comparative Ct method was used. The Ct value of

the target gene was normalized by an endogenous refer-

ence (DCt = Ct(MARCKSL1)-Ct(GAPDH)). The rela-

tive expression of each target gene was calculated through

the equation 2-DCt.

RNA isolation and qPCR from fresh frozen material

For all samples a new cryosection was cut and HE-stained,

these sections were evaluated by an experienced breast

pathologist (EG) in order to assess the percentage of tumor

cells in the tissue. All tissues contained at least 50 % tumor

cells in the selected area for RNA isolation. Five cryo-

sections of 10 lm were used for RNA isolation, for some

cases a selected area was isolated by macrodissection from

the slides. Total cellular RNA was extracted from the

frozen breast cancer tissues with mirVana miRNA Isolation

Kit (Applied Biosystems/Ambion, Austin, USA). RNA

samples were evaluated for integrity of 18S and 28S rRNA,

and concentration by Bioanalyzer (Agilent Technologies,

Santa Clara CA, USA) and Nanodrop Instrument (Thermo

Fisher). Reverse transcription was completed with High

Capacity cDNA Reverse Transcription Reagents Kit

(Applied Biosystems). Two microgram of total RNA was

transcribed into cDNA in a 20 ll reaction using random

hexamers under the thermal condition recommended by the

protocol. The cDNA was diluted 1:20 for the qPCR with

QuantiTech SybrGreen PCR Kit (Qiagen), using 5-lM

MARCKSL1 specific primers (forward primer: TTCTTTT

CCAAGTAGGTTTTGTTTACC, reverse primer: CACT

CAAGGTTTGGGAGTATAAGCA) and 5-lM GAPDH

specific primers as the endogenous reference (forward

primer: TGCACCACCAACTGCTTAGC, reverse primer:

GGCATGGACTGTGGTCATGAG) (Eurofins MWG GmbH,

Ebersberg, Germany). The Light Cycler 480 (Roche, Zurich,

Switzerland) was used for the analysis.

The relative expression of MARCKSL1 gene was cal-

culated via the equation 2-DCt as previously described.

qPCR of microRNAs

Six FFPE samples with low expression of mRNA and high

protein expression of MARCKSL1 and six FFPE samples

with both high mRNA and protein expression for

MARCKSL1 were analyzed for relative expression of mir-

23a, mir-23b, and mir-340. These three microRNAs are

linked to posttranscriptional regulation of MARCSKL1

mRNA, according to the searching database ‘‘starBase’’

[23]. A 20 ng quantity of total RNA was reverse tran-

scribed in a 20 ll volume using the Universal cDNA

Synthesis Kit (Exiqon A/S, Vedbaek, Denmark) according

to the manufacturer’s recommendations. An 8 ll volume of

809 dilution of cDNA was used in each of the real-time

PCRs with SYBR� green master mix and microRNA

LNATM PCR primer sets (both from Exiqon A/S), fol-

lowing the manufacturers instructions. The average of Ct

values of hsa-mir-24 and hsa-mir-26b were used as the

endogenous reference and relative expression of target

genes was calculated via the equation 2-DCt.

Survival endpoints

For survival analysis, the main end points were distant

metastases free survival (DMFS). To determine the prob-

ability that patients would remain free from distant

metastasis, we defined recurrence as any recurrence at a

distant site. Patients were censored, from the date of the

last follow-up visit, for death from causes other than breast

cancer local or regional recurrences, and the development

of a second primary cancer, including contralateral breast

cancer. If a patient’s status during follow-up indicated a

confirmed metastasis without a recurrence date, the last

follow-up visit date was used. Age, time to first recurrence

and survival time were calculated relative to the primary

diagnosis date.

Statistical analyses

SPSS (SPSS, Chicago, IL, USA) version 18.0 was used.

The optimal expression threshold for MARCKSL1 mRNA

and protein expression for detection of DMFS was deter-

mined by receiver operating curve (ROC) analysis (Med-

Calc statistical software v. 9.3.7, MedCalc, Mariakerke,

Belgium). The cut-off with the best possible sensitivity and

specificity was chosen. Kaplan–Meier survival curves were

constructed and differences between groups were tested by

the log rank test. The relative importance of potential

prognostic variables was tested using Cox-proportional

hazard analysis (forward, Wald) and expressed as a hazards

ratio (HR) with 95 % confidence intervals.

Results

Median age for the 305 patients was 58 (range 30–84 years)

with a median follow-up of 121 months (range 10–

178 months). In total 47/305 (15 %) developed distant

metastases and 33 (11 %) died of breast cancer related disease.

Table 1 shows the survival and hazard ratios for the tumor

characteristics for DMFS. Strong prognostic factors were

MAI, Ki67, PPH3, MARCKSL1 protein, and MARCKSL1

mRNA. Tumor diameter, Nottingham grade and HER2 were

less strong. Among the biomarkers for proliferation PPH3

was the strongest (HR = 3.8, P \ 0.001, 95 % confidence

384 Breast Cancer Res Treat (2012) 135:381–390
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Table 1 DMFS in lymph node-

negative breast cancer patients

HR hazard ratio, CI confidence

interval, MAI mitotic activity

index, FF fresh frozen

Characteristic Distant metastases

Event/at risk (%) Log rank P value HR 95 % CI

Age (years)

\55 17/123 (86) 0.120 1.6 0.9–2.9

C55 30/182 (84)

Tumor diameter (cm)

\2 24/212 (89) 0.003 2.3 1.3–4.2

C2 23/93 (75)

Nottingham grade

1 6/90 (93) 0.024

2 22/135 (84) 2.1 0.9–5.3

3 19/80 (76) 3.4 1.3–8.6

Estrogen receptor

Positive C 10 % 33/245 (87) 0.107

Borderline 1–9 % 2/6 (67) 3.9 0.9–16.5

Negative 11/53 (79) 1.4 0.7–2.8

Progesterone receptor

Positive C 10 % 27/188 (86) 0.793

Borderline 1–9 % 10/49 (80) 1.3 0.6–2.7

Negative 10/68 (85) 1.1 0.5–2.3

HER2

0 to 1? 36/264 (86) 0.015 2.3 1.1–4.56

2? to 3? 11/38 (71)

MAI

\10 23/216 (89) 0.0001 2.8 1.5–4.9

C10 24/89 (73)

MAI

0–2 7/142 (95) 0.001

3–9 16/74 (78) 4.6 1.9–11.4

C10 24/89 (73) 6.2 2.6–14.5

Ki67

0–9 % 12/144 (92) 0.001 3.0 1.5–5.8

10–100 % 33/135 (76)

PPH3

\13 14/183 (92) 0.001 3.8 2.0–7.2

C13 33/120 (73)

CK5/6

Negative 38/265 (86) 0.261 1.5 0.7–3.1

Positive 9/38 (76)

Triple Negative

Positive 38/264 (86) 0.32 1.4 0.7–3.0

Negative 9/41 (78)

MARCKSL1–mRNA (FF material)

Expression [ 0.036 4/33 (88) 0.049 2.8 1.0–8.3

Expression B 0.036 19/55 (66)

MARCKSL1–mRNA (FFPE material)

Expression [ 0.0264 9/108 (92) 0.002 3.6 1.5–8.3

Expression B 0.0264 16/76 (79)

MARCKSL1-protein

Low expression 34/282 (88) 0.001 5.1 2.7–9.8

High expression 13/23 (44)
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interval (CI) = 2.0–7.2). Patients with PPH3 \ 13 had 92

versus 73 % survival for patients with PPH3 C 13 (Fig. 2A).

For MARCKSL1 mRNA expression analysis, 51 cases

were excluded because of a too low concentration of total

RNA. This did not cause any significant differences in any

of the features analyzed. Since the quality of mRNA in

fresh frozen material and FFPE is very different, the ROC

analyses were preformed separately for the two types of

material. MARCKSL1-threshold correlated to DMFS was

0.036 for fresh frozen material and 0.026 for FFPE mate-

rial. Using these thresholds, the patients were divided into

groups with low and high MARCKSL1 mRNA expression.

With univariate DMFS survival analysis, high (n = 33)

and low (n = 55) MARCKSL1 mRNA expression in fresh

frozen material had 88 versus 66 % survival, respectively.

For FFPE material, the survival was 92 and 79 % survival

for patients with high (n = 108) and low expression

(n = 76) (Fig. 2C and D).

In all 305 patients, MARCKSL1 protein was identified

in either the membrane, or granular and diffuse cytoplas-

mic staining in cancer cells (Fig. 3). A cancer cell did not

have both strong membrane and granular staining. Normal

epithelial cells showed some (total score of 4–5) staining

(mostly diffuse cytoplasmic) as well. With ROC analysis, a

MARCKSL1-total score threshold of 7 or higher correlated

strongest to DMFS. Using this threshold, the patients were

Fig. 2 Long-term recurrence

free survival curves according

to PPH3 status, expression of

MARCKSL1 gene and protein,

and MARCKSL1 protein

expression in patients with

PPH3 C13. FF fresh frozen

386 Breast Cancer Res Treat (2012) 135:381–390
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divided into low and high MARCKSL1 expressions

(n = 283, 93 % and n = 23, 7 %). Table 1 shows that

immunohistochemically identified protein expression of

MARCKSL1 is the single most prognostic factor with a

HR = 5.1 (P \ 0.001, 95 % CI = 2.7–9.8). DMFS sur-

vival analysis of the different staining patterns of

MARCKSL1 showed that membrane and granules both had

significant results. Patients with high MARCKSL1 protein

expression were also associated with ER positivity (16 of

23 patients) and were often under 55 years old (16 of 23

patients). mRNA expression of MARCKSL1 showed the

opposite results of protein expression, with low and high

protein expression of MARCKSL1 being 88 versus 44 %

for DMFS, respectively.

In the multivariate analyses, we included all the vari-

ables that showed a significant correlation with DMFS in

Fig. 3 Example of MARCKSL1 staining (brown staining). A The

arrow is pointing at strong membrane staining (score: membrane 3?,

granular 0 and diffuse 1?), B the arrow is pointing at strong granular

staining (score: membrane 0, granular 3?, and diffuse 2?), C strong

diffuse staining (score: membrane 0, granular 1?, and diffuse 3?),

D moderate diffuse staining (score: membrane 0, granular 0, and

diffuse 2?), E weak/negative diffuse staining (score: membrane 0,

granular 1? and diffuse 0), and F normal ducts and lobule with weak

staining (score: membrane 0, granular 3? and diffuse 1?)

Breast Cancer Res Treat (2012) 135:381–390 387
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univariate analysis. MARCKSL1 mRNA expression was

excluded due to insufficient cases. MARCKSL1 protein

expression and PPH3 were the strongest prognostic factors

for DMFS (n = 300, 98 %). MARCKSL1 protein expres-

sion had additional prognostic information in the group of

patients with PPH3 C13 (Fig. 2E), 78 versus 45 % (P =

0.001) for low expression of MARCKSL1 protein.

In a small group of patients without any adjuvant

treatment and low proliferation (MAI \ 10), Kaplan–

Meier analysis with MARCKSL1 protein expression

results in DMFS of 92 versus 25 % survival.

None of the microRNAs analyzed (mir-23a, mir-23b, and

mir-340) showed a significant correlation to MARCKSL1

mRNA or protein expression in the two groups of tumors,

one with both high protein and mRNA MARCKSL1

expression and one with low protein MARCKSL1 and high

mRNA expression.

Discussion

In this study, we tested whether MARCKSL1 mRNA and/

or protein expression could be useful biomarkers for

prediction of DMFS in patients with operable lymph

node-negative breast cancer. Combined high MARCKSL1

protein and high PPH3 had the strongest independent

prognostic value, while high MARCKSL1 protein expres-

sion alone was the strongest single variable associated with

a very poor prognosis.

The MARCKS proteins, MARCKS and MARCKSL1

are widely distributed membrane-binding proteins that are

major PKC-substrates. After phosphorylation, MARCK-

SL1 is relocated to the intracellular membranes of late

endosomes and lysosomes. MARCKSL1 binds to all

membranes via its myristoyl moiety, but for its localization

at the plasma membrane the effector domain is also

required [24]. Analysis of the protein expression by IHC in

our study shows MARCKSL1 expression as a clear mem-

brane staining, diffuse cytoplasmic staining and more

punctuated (granular) cytoplasmic staining. The granular

staining we observed, fits well with the lysosomal trans-

location of MARCKSL1 after phosphorylation observed by

van de Bout et al. [25]. In our study, both the granular and

the membrane staining are equally prognostic, and there-

fore no conclusions can be made regarding which locali-

zation of MARCKSL1 is the most important for breast

cancer metastasis.

Generally, high protein expression of MARCKSL1 was

associated with higher risk for metastasis, especially in the

subgroup of ERa-positive tumors and in the, already high

risk, subgroup of highly proliferating tumors. Sixteen of

the twenty-three cases with high protein expression for

MARCKSL1 occurred in the group of highly proliferating

ERa-positive tumors and 11 of these developed distant

metastasis. Wang et al. [15] also showed that MARCKSL1

was one of the genes with the highest expression in ER-

positive tumors, while investigating the effects of 17-b
estradiol in a co-culture model system with breast cancer

and bone cells. They hypothesized that MARCKSL1 is also

a potential marker for patients at high risk of bone

metastasis. Data from other studies also support a role for

MARCKSL1 in tumor metastasis [5, 26]. Experiments on

macrophage cells showed that MARCKSL1 in collabora-

tion with dynamitin, a protein involved in microtubule

function, is essential for cell spreading [5]. On the other

hand, Finlayson et al. [27] suggested that knockdown of

MARCKSL1, in both EpRas mammary epithelial cells and

PC3 prostate cancer cells, promoted in vitro cell migration

that was blocked by calmodulin inhibitor, trifluoperazine.

During wound healing experiments, they observed that

reduced MARCKSL1 supported collective cell migration

and promotes adherens junction formation.

mRNA expression patterns analyzed from both fresh

frozen tissue and FFPE tissue showed that low MARCK-

SL1 mRNA expression was associated with a high risk for

developing distant metastasis. Interestingly, the opposite

results were found for MARCKSL1 protein expression

where high expression is correlated with a worse prognosis.

According to the central dogma of molecular biology, one

would assume that mRNA abundance can be directly cor-

related with protein levels. However, this study showed no

correlation between MARCKSL1 mRNA and protein

expression. Other groups have showed that the correlation

between mRNA expression and protein expression can

vary from as little as 17 to 33 % [28, 29]. A reason for the

lack of correlation could be the fact that the mRNA is

isolated from a selection of cells that contain[50 % tumor

cells but still contains a population of non-tumor cells this

in contrast to the protein expression levels that were

assessed in the tumor cells only. Another reason for the

lack of correlation between the mRNA and protein

expression levels might be the heterogeneity of the tumors,

both protein and mRNA expression levels are different in

different areas of a tumor. However, more important bio-

logically, the causes might be the regulation of mRNA

expression by a negative feedback loop or by posttran-

scriptional regulation through microRNA. MicroRNAs are

short non-coding RNAs that regulate/inhibit the mRNA

translation by binding to the mRNA (reviewed in [30]). In

our study, the expression of mir-23a, mir-23b, and mir-340

could not explain the difference in protein expression in

this small group of patients with high MARCKSL1 mRNA

expression.

In conclusion, our results show that both high prolifer-

ation and high MARCKSL1 protein expression are corre-

lated with an increased risk for metastasis and a worse

388 Breast Cancer Res Treat (2012) 135:381–390
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prognosis in lymph node-negative breast cancer patients.

As this is the first study to report about the prognostic value

of MARCKSL1 in breast cancer we used the optimal cut-

off value from our ROC-analysis, to stratify our patients in

good or bad prognosis. This cut-off could very much be

related to our current patient cohort and should therefore be

validated in another cohort of independent breast cancer

patients. The biological role of MARCKSL1 needs further

investigation as phosphorylation might play an important

role in both localization and action of MARCKSL1.
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