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Abstract

Background

The microRNA-200 (miR-200) family acts as a major suppressor of epithelial-mesenchymal

transition (EMT). Impaired miR-200 expression may lead to EMT initiation and eventually

cancer dissemination. The presence of tumor budding cells (TBC) is associated with metas-

tasis and poor prognosis, and molecular similarities to EMT indicate that these cells may

reflect ongoing EMT. The aim of this study was to investigate the expression of miR-200b in

budding cells of colon cancer and the relationship with the EMT-markers E-cadherin, β-cate-

nin and laminin-5γ2.

Material & methods

MiR-200b was investigated by in situ hybridization in 58 cases of stage II (n = 36) and III

colon (n = 22) cancers with tumor budding. Expression of E-cadherin, β-catenin and lami-

nin-5γ2 was examined by immunohistochemistry. A multiplex fluorescence assay combin-

ing miR-200b with cytokeratin and laminin-5γ2 was employed on a subset of 16 samples.

Results

MiR-200b was downregulated in the TBC at the invasive front of 41 out of 58 (71%) cases.

The decline was present in both mismatch satellite stable and instable adenocarcinomas.

The majority of cases also showed loss of membranous E-cadherin and increased nuclear

β-catenin in the TBC, while laminin-5γ2 expression was upregulated at the invasive front

and in the tumor buds of approximately half the adenocarcinomas. However, the miR-200b

decline was not statistically associated with the expression of any of the EMT-markers. The

miR-200b decline was also documented by multiplex fluorescence. Fourteen out of fifteen

cases showed a decrease in miR-200b expression in the majority of the TBC, but no obvious

relationship between miR-200b and laminin-5γ2 expression was observed. Conclusion: The

findings support the assumption of a miR-200b related downregulation in colon cancer
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budding cells. Whether miR-200b expression may be of clinical significance awaits further

studies.

Introduction

Epithelial-mesenchymal transition (EMT) is considered a key event in carcinoma dissemina-

tion [1]. During this process, the neoplastic, non-motile, polarized epithelial cell transforms

into a mesenchymal phenotype. The acquisition of migratory and invasive capabilities allows it

to move into the bloodstream and spread to distant organs and establish metastasis [1, 2]. The

molecular changes during EMT include loss of cell junctions, down-regulation of the cell adhe-

sion molecule E-cadherin, and increased expression of mesenchymal markers such as N-cad-

herin and vimentin[2]. Once the circulating carcinoma cell extravasates, phenotypic reversion

enables it to colonize and expand.

In the recent years, microRNAs (miRNAs) have been implicated as promoters or suppres-

sors of EMT[3]. Especially, the miR-200 family (miR-200a, miR-200b, miR-200c, miR-141,

and miR-429) appears to exert an inhibitory effect on EMT in a number of cancers by repress-

ing transcription factors zinc finger E-box binding homeobox 1 (ZEB1) and 2 (ZEB2). This

maintains E-cadherin levels and the epithelial phenotype[4, 5]. Correspondingly, studies show

that low miR-200 expression levels are associated with tumor progression and poor survival

[4], while a possible oncogenic role of increased miR-200 expression has been associated with

mesenchymal-epithelial transition[6].

Owing to similarities between EMT and tumor budding, the latter may represent a static

histologic image of this dynamic process [7, 8]. Tumor budding is defined as a single cancer

cell or small clusters of up to five cancer cells present in the invasive front of carcinomas. In

colorectal cancer (CRC), 20–40% of all cases exhibit this growth pattern, which is associated

with adverse features such as lymph node metastasis, distant metastasis, and poor prognosis

[9]. Immunohistochemical (IHC) analyses have demonstrated that tumor budding cells (TBC)

exhibit molecular traits such as loss of E-cadherin and EpCAM with accumulation of nuclear

β-catenin and increased laminin-5γ2, similar to the changes found during EMT [10, 11]. How-

ever, knowledge on the miR-200 family in TBC of CRC is still scant.

The purpose of this study was to describe and examine miR-200b expression in colon can-

cer tumor buds in relation to EMT markers E-cadherin, β-catenin, and laminin-5γ2.

Material and methods

Clinical specimens

Tissue from 58 formalin-fixed paraffin embedded stage II (n = 36) and stage III (n = 22) colon

adenocarcinomas diagnosed in the period of 2000–2008 were utilized in the present study. The

material was obtained from the diagnostic pathology archive of Department of Clinical Pathol-

ogy, Vejle Hospital.

The inclusion criteria were conventional adenocarcinomas pT3 with TBC. The histological

slide showing the deepest invasion of the bowel wall was chosen. The presence of budding was

initially ensured by assessment according to Danish National Guidelines, where tumor bud-

ding is defined as the presence of at least 10 buds with no more than four cells in one 20x

objective. The assessment was carried out on cytokeratin stained (AE1/AE3) slides. Specimens

with a cancer free surgical margin� 1 mm and specimens from patients who had received

acute surgery or had died within one month of surgery were not included.
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Next, two senior pathologists allocated the 58 cases in low or high budding groups based on

the 10 HPF method. According to this method, the number of buds is counted in ten fields of

view at a 40x objective [12, 13]. Cases with an average of� 10 buds were designated as low

budding, >10 as high budding [13]. In a few cases of disagreement, a final grading was carried

out by consensus. Perineural and vascular invasion were re-assessed in all tumor sections,

while data on tumor differentiation and localization were obtained from the pathology reports.

Mismatch repair protein expression analysis was conducted on the tumors if this had not been

completed in the diagnostic process (Table 1). Information on subsequent development of dis-

tant metastasis was retrieved via medical charts.

The Regional Committees on Health Research Ethics for Southern Denmark approved the

conduction of the study (ID# S-20120075) and granted a waiver of informed consent. The

study was registered at the Danish Data Protection Agency, and The Danish Registry of

Human Tissue Utilization was consulted before any tissue samples were investigated.

Table 1. Clinico-pathological data for the study group.

Variable Colon adenocarcinomas

(n = 58)

No. (%)

Gender

Female 39 (67)

Male 19 (33)

Age (years)

Mean 73

Range 49–98

Localization

Right colon 33 (57)

Left colon 25 (43)

Stage

Stage II 36 (62)

Stage III 22 (38)

Mismatch repair protein

Proficient 48 (83)

Deficient 10 (17)

Malignancy grade

Low 4 (7)

Moderately 42 (72)

High 12 (21)

Vascular invasion

No 50 (86)

Yes 8 (14)

Perineural invasion

No 48 (83)

Yes 10 (17)

Tumor budding

Low 38 (35)

High 20 (64)

Recurrence, distant metastasis

No 43 (74)

Yes 15 (26)

https://doi.org/10.1371/journal.pone.0178564.t001
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Immunohistochemistry

IHC was performed on 4 μm thick, adjacent sections involving AE1/AE3, E-cadherin, β-cate-

nin, laminin-5γ2, and mismatch repair proteins MLH1, PMS2, MSH2, and MSH6. Heat-

induced epitope-retrieval was achieved with Target Retrieval Solution, pH9 (Dako, Glostrup,

Denmark, code K8004), the primary antibodies diluted with Envision FLEX antibody Diluent

(Dako, code S2022) and incubated at room temperature as stated in S1 Table. The staining

procedure was executed on a Dako Autostainer Plus (Dako) using EnVision FLEX+, Mouse,

High pH, (Link) (Dako, code K8002).

Evaluation of immunostatus

E-cadherin and β-catenin expression in TBC were evaluated in 100 buds from hot spots and it

was noted whether the dominant staining pattern changed from the luminal half of the cancer

toward the invasive front. Regarding E-cadherin, tumors were considered negative if at least

50% of the tumor buds presented with weak membranous staining or partly-completely loss of

membranous stain +/- increased cytoplasmic reaction compared to the tumor center.

Tumors with >5% nuclear β-catenin stained budding cells were classified as positive.

Laminin-5γ2 was scored according to Shinto et al. [14]. In brief, tumors with the presence

of >20% cytoplasmic immunopositive carcinoma cells at the invasive front, which included

the TBC and the outermost cell rows at the invasive front, were categorized as laminin-5γ2

positive. β-catenin and laminin-5γ2 were evaluated based on percentage of positivity disre-

garding staining intensity as this approach may give a more accurate and reproducible assess-

ment [15].

Chromogenic in situ hybridization

In situ hybridization (ISH) for miR-200b was essentially performed as described previously

[16]. Prior to the analysis, assay optimization was accomplished to determine optimal probe

concentrations and hybridization temperatures. The ISH analysis was performed using a

Tecan Evo automated hybridization instrument (Tecan, Switzerland). The following steps

were performed on 6 μm thick sections: pre-digestion with proteinase-K (15 μg/ml) at 37˚C

for 8 minutes, pre-hybridization at 55˚C for 15 minutes, followed by hybridization with 40 nM

double-carboxyfluorescein (FAM) labelled Locked Nucleic Acid miR-200b-3p (sequence

TCATCATTACCAGGCAGTATTA) (Exiqon, Vedbæk, Denmark) for 90 minutes. After strin-

gent washes with saline-sodium-citrate buffer, the miR-200b probe was detected with alkaline

phosphatase-conjugated sheep anti-FAM Fab fragments (Roche, Basel, Switzerland). Next,

incubation with 4-nitro-blue tetrazolium and 5-brom-4-chloro-30-Indolyl-phosphate substrate

(Roche) for 2 hours resulted in a dark-blue precipitate, and the slides were finally counter-

stained with nuclear fast red.

Evaluation of miR-200b ISH signal

The evaluation of miR-200b expression was carried out assuming equal thickness of the inves-

tigated tissue sections. The slides were scored semi-quantitatively with a 20x objective accord-

ing to relative intensities (0 = negative, 1 = weak, 2 = strong) and proportion of positivity (0 =

<10%, 1 = 10%-50% and 2 =>50%) in the tumor center, at the invasive front and for the

TBC. The total score was determined by adding the intensity and proportion scores, which

was then divided into two categories: low miR-200b expression, score 0–2, and high miR-

200b, score 3–4 (S1 Fig).
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Multiplex fluorescence staining

Paraffin sections were cut at 5μm, air-dried and deparaffinized using xylene and ethanol solutions.

The combined ISH and IHC fluorescence staining procedure is described in detail elsewhere [17].

In brief, sections were treated with proteinase-K using 25μg/ml for 10 minutes at 37˚C. Sections

were hybridized with a double-FAM-labeled LNA probe for miR-200b-3p (5’TCATCATTACCAG
GCAGTATTA’3; RNA Tm, 85˚C; 32% LNA) at 40nM in Exiqon hybridization buffer (Exiqon) at

52˚C for 2 hours. The probe was detected with peroxidase-conjugated anti-FAM (Roche) followed

by incubation in TSA-Cy5 substrate (Perkin Elmer, Waltham, MA, USA) for 10 minutes at room

temperature. Slides were washed in PBS and incubated for 10 minutes with 3% hydrogen perox-

ide. Hereafter, two sequential immunofluorescence staining procedures were performed. First,

mouse-anti-cytokeratin, clones AE1/AE3, was incubated on sections (diluted 1:200, Dako) over-

night at 4˚C, and detected with horseradish peroxidase-conjugated anti-mouse (Jackson Immu-

noResearch, West Grove, PA, USA) followed by incubation in TSA-FITC substrate (Perkin

Elmer) for 7 minutes at room temperature. After brief washes in PBS, sections were treated with

glycin/SDS-buffer to elute all antibodies from the sections [18]. Next, mouse-anti-laminin5 (γ2

chain), clone D4B5 (diluted 1:200, Merck Millipore, Billerica, MA, USA) was incubated on sec-

tions at room temperature, and detected with Cy3-conjugated anti-mouse (Jackson Immuno-

Research). Sections were mounted with DAPI-containing mounting medium, ProLong Gold

(Thermo Fisher Scientific, Waltham, MA, USA). The subsequent days, sections were investigated

and images acquired with a 20x objective using an epifluorescence microscope (AxioImager, Ob-

erkochen, Zeiss, Germany) equipped with an HXP 120 V Illuminator and the following relevant

filter sets: Set 49/Dapi G365-BP445/50, Set 36-HE/FITC BP470/40-BP525/50, Set 43-HE/Cy3

BP550/25-BP605/70, and Set 50/Cy5 BP640/30-BP690/50. Images were acquired from the tumor

periphery region, where cytokeratin-positive TBC were evident. Areas with excess autofluorescence

signal were avoided. Exposure time was that of the auto-threshold determined by the Zeiss software

for each of the four fluorescence signals. Images were post-processed for balanced signal-to-noise.

Evaluation of the multiplex fluorescence assay

MiR-200b was evaluated in green cytokeratin-positive TBC as well as in cohesive cancer tissue.

The cells were designated as low or high expressing based on signal intensity. A similar

approach was used for laminin-5γ2 (red signal) evaluation in the TBC. The cells were consid-

ered to express high laminin-5γ2 in the presence of a yellow signal as a result of green and red

merge, low expressing if the signal was primarily green. In some slides a white signal was iden-

tified in some stromal leukocyte-like cells. This was considered to represent autofluorescence

and not true miR-200b ISH signal after inspection of the respective chromogenic miR-200b

stained sections, where no such ISH signal was found.

Statistical analysis

STATA version 14.0 (StataCorp, College Station, TX, USA) was used for all statistical analyses.

Fisher’s exact test examined the possible associations between miR-200b expression and clin-

ico-pathologic characteristics and the expression of the EMT-markers. P-values�0.05 were

considered statistically significant.

Results

EMT markers in tumor budding cells

Whole tissue slides, stained by IHC, were scored for E-cadherin (n = 56), β-catenin (n = 52)

and laminin-5γ2 (n = 58); the missing cases were excluded due to absence of tumor budding

in deeper sections of the tissue block.
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All tumors showed weak to moderate membranous E-cadherin staining in the tumor cen-

ter. At the invasive front, 40 cases (71%) exhibited a pronounced loss of membranous E-cad-

herin staining and increased cytoplasmic staining in the TBC. β-catenin expression changed

from a chiefly membranous staining with or without cytoplasmic reaction in the tumor center

to nuclear accumulation in the budding cells in 33 cases (63%). Thirty one cases (53%) showed

cytoplasmic laminin-5γ2 upregulation at the invasive front and in tumor buds (S2 Fig). Sixteen

cases showed simultaneous changes of all three proteins, 21 cases displayed changes in two

EMT markers, and 14 cases in one marker (Fig 1). Seven out of 58 (12%) tumors had no evi-

dence of EMT change. It was noted that five of these were mismatch repair protein deficient

cancers (71%), whereas this was the case for only five out of 51 (10%) cancers displaying EMT

(p = 0.001). This could be attributed to the expression of β-catenin alone, in that nuclear β-

catenin expression was absent in the MSI TBC, but present in the mismatch satellite stable

(MSS) TBC (p<0.001). The levels of E-cadherin and laminin-5γ2 did not differ significantly

between the two groups.

MiR-200b expression in colon cancer

The miR-200b ISH signal in chromogen stained slides varied from case to case. Examples of

miR-200b staining are shown in S1 Fig. When present, the signal was overall confined to epi-

thelial cells. Based on a semi-quantitative estimation with a cut-off score� 2, the clinical

Fig 1. EMT-protein distribution in tumor center and at the invasive front. Venn diagram of colon cancers

with tumor budding showing differentially expressed E-cadherin, nuclear β-catenin, and laminin-5γ2 in the

invasive front compared to the tumor center. Out of 58 cases, a total of 51 cancers showed changes in at least

one marker.

https://doi.org/10.1371/journal.pone.0178564.g001
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samples were divided into low-expressing (n = 29) and high-expressing (n = 29) subgroups,

according to their central tumor miR-200b expression (Table 2). No statistical associations

with the EMT markers, high budding, or other clinico-patological variables were found

(p>0.15).

Low miR-200b expression was found in the invasive front of 36 colon adenocarcinomas.

Ten cases from the high expressing subgroup exhibited reduction of the miR-200 signal from

the central tumor area to the invasive front, while three cases from the low expressing sub-

group showed increased signal toward the invasive front. No obvious decline was seen in the

remaining 19 cases.

Forty-one cases (71%) out the 58 cases displayed low miR-200b expression in the TBC

(Fig 2). No statistically associations to the changes of E-cadherin, β-catenin or laminin-5γ2

(p>0.07) were found. However, when the miR-200b signal was not markedly present in the

tumor buds, the cells were difficult to identify with certainty in the ISH-stained slides despite

the nuclear red counterstain. This was not surprising, because TBC sometimes requires cyto-

keratin IHC for unambiguous identification. A subset of cases was therefore submitted to mul-

tiplex fluorescence analysis to substantiate the observations.

Decreased miR-200b is found in tumor budding cells by multiplex fluorescence. To

achieve a close examination of the miR-200b signal in the tumor buds, a subset of 20 samples

was chosen for a triple immunofluorescence analysis, combining pancytokeratin and laminin-

5γ2 IHC with miR-200b ISH. The sample subset was based on: 1) high degree of budding; 2)

cases with and without metastatic progression (ten of each); and 3) tumors with (n = 8) and

without (n = 12) miR-200b positive TBC in the chromogenic ISH analysis. The selection

included tumors from both the low and high miR-200b expressing groups. Four cases were

excluded due to tissue detachment during the staining procedure. A fifth case did no longer

display TBC.

As expected, a specific miR-200b signal was found in cytokeratin-positive cells. The miR-

200b intensity was strong in the cohesive cancer tissue, but decreased at the edge of the inva-

sive front, and especially in the tumor buds (Fig 3). MiR-200b was downregulated in all fifteen

cases in the majority of the examined TBC (mean 80%, range 21–100%). The decrease was

seen in both MSS and MSI adenocarcinomas. The percentage of budding cells with concomi-

tant low miR-200b and high laminin-5γ2 expression (mean = 39%, range 0–94%), and cells

with simultaneously low miR-200b and low laminin-5γ2 expressions (mean = 42%, range

6–100%) was similar, thus no obvious relation between miR-200b and laminin-5γ2 expression

was observed (S2 Table). No difference between the staining patterns of miR-200b or laminin-

5γ2-patterns in cases with and without subsequent recurrence was observed.

Discussion

The miR-200 family plays an essential role in EMT, primarily through direct suppression of

the ZEB1/2 transcription factors, affecting a number of genes associated to the epithelial and

mesenchymal phenotype [5, 19]. In turn, ZEB also controls the entire miR-200 family by

Table 2. MiR-200b expression in the tumor center, invasive front and the tumor budding cells.

Tumor center Invasive front Tumor budding cells

N 58 57a 58

Low miR-200b 29 36 41

High miR-200b 29 21 17

aData missing due to tissue tearing at the invasive front

https://doi.org/10.1371/journal.pone.0178564.t002
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negative feedback. An imbalance in this double-negative feedback loop in epithelial neoplasms

is assumed to activate EMT in the tumor periphery and possibly mesenchymal-epithelial tran-

sition in established metastases [20]. Dysregulated miR-200 and ZEB levels have been found in

Fig 2. MiR-200b expression in the tumor center and invasive front of colon cancer. (A) High miR-200b expression is present in the central

part of the tumor (CT), while (B) expression is decreased in several tumor budding cells (arrows) at the invasive front. High expression is present

in only few buds (arrowheads). The image also illustrates that the identification of tumor budding cells in a CISH stain may be challenging. The

cells are easily identified, when miR-200b expression is high, but much more difficult, when miR-200b is decreased. Single cells or small groups

of cells with large nuclei and distinct nucleoli may suggest tumor buds, but unambiguous identification and quantification on a CISH stain is

impossible.

https://doi.org/10.1371/journal.pone.0178564.g002

Fig 3. Triple stain for miR-200b, AE1/AE3, and laminin-5γ2 at the invasive front. (A) Merged image: cytokeratin AE1/AE3 (green), miR-200b (white),

and DAPI (blue). (B-F) Enlarged area from A. (B) Tumor budding cells co-expressing cytokeratin AE1/AE3 and laminin-5γ2 (red) appear yellow as indicated

by white arrowheads. C) Immunofluorescence for cytokeratin AE1/AE3 identifying cytokeratin-expressing carcinoma cells. (D) A strong miR-200b signal is

present in the luminal part of the invasive front, but diminishes gradually towards the outmost periphery and the budding cells. (E) The inverse pattern is seen

for laminin-5γ2. (F) DAPI. (G+H) Merged images from a different tumor displaying retained miR-200b expression in some budding cells (white arrowheads)

and decreased levels in others (orange arrowhead). Scale bars 50 μm (A, C, D, E, F, G), and 25 μm (B, H).

https://doi.org/10.1371/journal.pone.0178564.g003
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many different cancers [4, 20]. ZEB1 is upregulated at the invasive front of CRC, primarily in

the stromal cells, whereas expression in the dedifferentiated adenocarcinoma cells is discrete

[21–23]. As TBC are recognized as the histologic snapshot of EMT in progress, they provide

an opportunity to study the miR-200-family in clinical samples.

The results showed decreased miR-200b signal in colon cancer budding cells in adenocarci-

nomas presenting with both high and low budding patterns. At present, the literature on

microRNA-expression in TBC is limited. To our knowledge, an examination of a member of

the miR-200 family in colon cancer budding cells has hitherto not been reported. In oral squa-

mous cell carcinoma, Jensen et al. employed qPCR array on laser micro-dissected tumor buds

and showed that the expression of all five miR-200 family members were decreased compared

to central tumor; miR-200c and miR-141 were further validated with ISH [24]. In contrast,

decreased levels of the miR-320 family, but not the miR-200 family, were observed in budding

cells of tongue squamous cell carcinoma pointing toward tumor type specific patterns of

miRNA expression[25].

Focusing on the invasive front, Paterson et al. found decreased miR-200b and miR-200c in

colorectal adenocarcinomas with evidence of budding and degraded basement membrane[21].

However, whether the expressions of the miRNAs were changed in the TBC was not reported.

Hur et al. observed decreased miR-200c ISH signal at the invasive front in late stage CRC [26],

while this was not observed by another research group [27]. Paterson et al. found that all 18

tumors with tumor buds and degraded basement membrane displayed declining changes in

miR-200 in the tumor periphery [21] This was only observed in 10 out of 58 CISH-stained

tumors in this present study. The criteria for tumor budding was not specified in the former

study, thus differences in tumor budding evaluation as well as different T-and M-stages might

account for the discrepancy. However, it is more likely that the different evaluation approaches

played a significant role. Image analysis, as employed by Paterson et al., may objectively be able

to measure intensity changes that could not be identified with our subjective, semi-quantitative

approach, which was based on a dichotomous classification. Thus, in our study only a change

from high to low expression was recorded as a declining pattern. The advantage of our approach,

however, was the assessment of the entire tumor periphery reducing the risk of sampling bias.

Since TBC are considered in a transitional stage of ongoing EMT, the inclusion of these

cells, if present, in the investigation of the invasive front could lead to additional knowledge on

the potential role of miR-200b loss in cancer progression. Not surprisingly, the TBC were far

more difficult to distinguish in a CISH stain than in a H&E slide. However, even in H&E

stained slides tumor buds may be difficult to identify from stromal cells with certainty[28]. In

the present study, the multiplex analysis included cytokeratin to identify the TBC, providing

unambiguous evidence of declining miR-200b expression at the invasive front, but in particu-

lar in the budding cells. It was also documented, that the miR-200b reduction was present in

cases with both low and high miR-200b expression found by permanent chromogen ISH.

Thus, the multiplex fluorescence staining demonstrated a highly advantageous method to

characterize miRNAs in a specific cell type. The challenge could be finding an antibody com-

patible with the Proteinase K antigen retrieval approach, a prerequisite for the analysis.

In this study, a triple fluorescence assay combining pan-cytokeratin, miR-200b, and lami-

nin-5γ2 was also used to evaluate the dynamic changes of miR-200b and laminin-5γ2 at the

invasive tumor front with special attention on tumor buds. Although not a putative target of

miR-200b, increased laminin-5γ2 expression at the tumor periphery of CRC correlates with

invasion, metastasis and poor survival [14, 29, 30]. Furthermore, its gene, LAMC2, is activated

by ZEB1 [31]. We therefore hypothesized that colon cancers from patients, who later devel-

oped distant dissemination, would exhibit an increased number of cells with concomitant

miR-200b decrease and laminin-5γ2 increase compared to those with no progression, but no
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distinct pattern was observed. A possible explanation could be the small sample size or the het-

erogeneity of the studied cases. Although we sought to find cases with similar characteristics,

including the same histologic variant and equal pT-stage, we could not adjust for other varying

traits in this clinical material such as tumor stage, differentiation, localization, and mismatch

repair protein status, where other molecular pathways may be dominant.

The majority of cancers showed signs of an ongoing EMT-process in terms of changed

expression in at least one of the EMT markers E-cadherin, β-catenin, and laminin-5γ2, as

described by others [10]. Simultaneous changes of all the markers were present in less than

30% of the cases. One reason could be due to the selected cut-off values for the markers utilized

in the study. Another reason could be the combination of stage II and stage III colon cancers.

As tumor budding is associated with lymph node metastases[32] and EMT is associated with

tumor progression and metastasis[2], optimally, the study should have focused on the stages

separately. However, since a sufficient number of cases matching the inclusion criteria could

not be obtained, the groups were combined. The combination of a non-metastatic and a meta-

static group could explain why some of the cases did not displayed changes in all markers. The

majority of the cases did show changes in at least one pseudo-marker, indicating that EMT is

likely initiated in TBC. Most of the cases that did not display these changes were MSI adeno-

carcinomas. The lack of increased nuclear accumulation of β-catenin in the MSI cases are simi-

lar to the findings in other studies[33, 34] and supports the assumption that EMT could be

impaired in MSI CRCs [35]. It would be interesting to pursue this observation further and to

extend such an investigation with examination of other EMT-related markers than those

examined in this study. Interestingly, the miR-200b decrease was observed in the TBC of both

MSS and MSI adenocarcinomas, implying that the miR-200b downregulation also occurs in

colon adenocarcinomas with putatively impaired EMT. However, this observation was based

on a small number of cases and should be confirmed in larger studies.

In conclusion, our descriptive study addressing a cell biologic process shows that miR-200b

is expressed in central tumor areas of colon cancer and that expression decreases in the TBC at

the invasive front. To our knowledge, this is the first study to provide visual evidence that

miR-200b expression is reduced in TBC identified in clinical samples of colon cancers. Along

with the molecular profile established with IHC over the years, our findings support the

assumption of an EMT-like process in colon cancer budding cells. Whether miR-200b expres-

sion may be of clinical significance awaits further studies.

Supporting information

S1 Table. Detailed information on the primary antibodies used for IHC.

(DOCX)

S2 Table. The expression of miR-200b and laminin-5γ2 in the budding cells of the multi-

plex stained cases. miR-200 and laminin-5γ2 expressions were evaluated in the cytokeratin-

positive tumor budding cells in the second column. miR-200b expression was considered low

in the event of�50% positively stained cells, laminin-5γ2 as high if the proportion of positive

cells exceeded 20%. The mean proportion of cells with combined "laminin-5γ2 and #miR-

200b expression was 39% (range 0–94%) and cases in the last column were allocated as low

and high according to fractions below or above mean.

(DOCX)

S1 Fig. Examples of miR-200b tumor stains. (A) Low miR-200b expression and (B) high

miR-200b expression in the epithelial carcinoma cells of colon cancer.

(TIF)

MicroRNA-200b in colon cancer budding cells

PLOS ONE | https://doi.org/10.1371/journal.pone.0178564 May 26, 2017 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0178564.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0178564.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0178564.s003
https://doi.org/10.1371/journal.pone.0178564


S2 Fig. Changes in EMT-markers in colon cancer tumor buddings cells. (A) Declining E-

cadherin expression from central tumor (CT) towards the invasive front (IF) where (B) tumor

buds show decreased membrane expression (arrows). (C) β-catenin expression changes from a

chiefly membranous and cytoplasmic pattern to (D) nuclear localization in the tumor buds

(arrows), while (E+F) laminin-5γ2 is upregulated at the invasive front and the tumor buds

(arrows).

(TIF)

S1 Data. Data from IHC and ISH analyses.

(XLSX)

Acknowledgments

We thank Birgit Roed Sørensen and Trine Møller for excellent technical assistance and Dr.

Birgit Debrabrant for highly valued statistical guidance.

Author Contributions

Conceptualization: KNK FBS BSN TFH JL.

Formal analysis: KNK.

Funding acquisition: KNK FBS.

Investigation: KNK FBS BSN TFH JL.

Methodology: BSN KNK.

Project administration: KNK FBS.

Resources: FBS BSN.

Software: KNK BSN.

Supervision: FBS.

Visualization: KNK FBS BSN.

Writing – original draft: KNK.

Writing – review & editing: KNK FBS BSN TFH JL.

References
1. Thiery JP. Epithelial-mesenchymal transitions in tumour progression. Nat Rev Cancer. 2002; 2(6):442–

54. https://doi.org/10.1038/nrc822 PMID: 12189386

2. Kalluri R, Weinberg RA. The basics of epithelial-mesenchymal transition. J Clin Invest. 2009; 119

(6):1420–8. PubMed Central PMCID: PMCPMC2689101. https://doi.org/10.1172/JCI39104 PMID:

19487818

3. De Craene B, Berx G. Regulatory networks defining EMT during cancer initiation and progression. Nat

Rev Cancer. 2013; 13(2):97–110. https://doi.org/10.1038/nrc3447 PMID: 23344542

4. Feng X, Wang Z, Fillmore R, Xi Y. MiR-200, a new star miRNA in human cancer. Cancer Lett. 2014;

344(2):166–73. PubMed Central PMCID: PMCPMC3946634. https://doi.org/10.1016/j.canlet.2013.11.

004 PMID: 24262661

5. Park SM, Gaur AB, Lengyel E, Peter ME. The miR-200 family determines the epithelial phenotype of

cancer cells by targeting the E-cadherin repressors ZEB1 and ZEB2. Genes Dev. 2008; 22(7):894–907.

PubMed Central PMCID: PMCPMC2279201. https://doi.org/10.1101/gad.1640608 PMID: 18381893

MicroRNA-200b in colon cancer budding cells

PLOS ONE | https://doi.org/10.1371/journal.pone.0178564 May 26, 2017 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0178564.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0178564.s005
https://doi.org/10.1038/nrc822
http://www.ncbi.nlm.nih.gov/pubmed/12189386
https://doi.org/10.1172/JCI39104
http://www.ncbi.nlm.nih.gov/pubmed/19487818
https://doi.org/10.1038/nrc3447
http://www.ncbi.nlm.nih.gov/pubmed/23344542
https://doi.org/10.1016/j.canlet.2013.11.004
https://doi.org/10.1016/j.canlet.2013.11.004
http://www.ncbi.nlm.nih.gov/pubmed/24262661
https://doi.org/10.1101/gad.1640608
http://www.ncbi.nlm.nih.gov/pubmed/18381893
https://doi.org/10.1371/journal.pone.0178564


6. Dykxhoorn DM, Wu Y, Xie H, Yu F, Lal A, Petrocca F, et al. miR-200 enhances mouse breast cancer

cell colonization to form distant metastases. PLoS One. 2009; 4(9):e7181. PubMed Central PMCID:

PMCPMC2749331. https://doi.org/10.1371/journal.pone.0007181 PMID: 19787069

7. Zlobec I, Lugli A. Epithelial mesenchymal transition and tumor budding in aggressive colorectal cancer:

tumor budding as oncotarget. Oncotarget. 2010; 1(7):651–61 PubMed Central PMCID:

PMCPMC3248128. https://doi.org/10.18632/oncotarget.199 PMID: 21317460

8. Grigore AD, Jolly MK, Jia D, Farach-Carson MC, Levine H. Tumor Budding: The Name is EMT. Partial

EMT. J Clin Med. 2016; 5(5 PubMed Central PMCID: PMCPMC4882480. https://doi.org/10.3390/

jcm5050051 PMID: 27136592

9. De Smedt L, Palmans S, Sagaert X. Tumour budding in colorectal cancer: what do we know and what

can we do? Virchows Arch. 2016; 468(4):397–408. https://doi.org/10.1007/s00428-015-1886-5 PMID:

26613731

10. Dawson H, Lugli A. Molecular and pathogenetic aspects of tumor budding in colorectal cancer. Front

Med (Lausanne). 2015; 2:11. PubMed Central PMCID: PMCPMC4354406.

11. Nielsen BS. Molecular Traits of the Budding Colorectal Cancer Cells, Colorectal Cancer Biology—From

Genes to Tumor. Ettarh R, editor: InTech; 2012.

12. Koelzer VH, Zlobec I, Berger MD, Cathomas G, Dawson H, Dirschmid K, et al. Tumor budding in colo-

rectal cancer revisited: results of a multicenter interobserver study. Virchows Arch. 2015; 466(5):485–

93. https://doi.org/10.1007/s00428-015-1740-9 PMID: 25701480

13. Karamitopoulou E, Zlobec I, Kolzer V, Kondi-Pafiti A, Patsouris ES, Gennatas K, et al. Proposal for a

10-high-power-fields scoring method for the assessment of tumor budding in colorectal cancer. Mod

Pathol. 2013; 26(2):295–301. https://doi.org/10.1038/modpathol.2012.155 PMID: 23018875

14. Shinto E, Tsuda H, Ueno H, Hashiguchi Y, Hase K, Tamai S, et al. Prognostic implication of laminin-5

gamma 2 chain expression in the invasive front of colorectal cancers, disclosed by area-specific four-

point tissue microarrays. Lab Invest. 2005; 85(2):257–66. https://doi.org/10.1038/labinvest.3700199

PMID: 15516972

15. Zlobec I, Terracciano L, Jass JR, Lugli A. Value of staining intensity in the interpretation of immunohis-

tochemistry for tumor markers in colorectal cancer. Virchows Arch. 2007; 451(4):763–9. https://doi.org/

10.1007/s00428-007-0466-8 PMID: 17674041

16. Nielsen BS, Jorgensen S, Fog JU, Sokilde R, Christensen IJ, Hansen U, et al. High levels of microRNA-

21 in the stroma of colorectal cancers predict short disease-free survival in stage II colon cancer

patients. Clin Exp Metastasis. 2011; 28(1):27–38. PubMed Central PMCID: PMCPMC2998639. https://

doi.org/10.1007/s10585-010-9355-7 PMID: 21069438

17. Nielsen BS, Holmstrom K. Combined microRNA in situ hybridization and immunohistochemical detec-

tion of protein markers. Methods Mol Biol. 2013; 986:353–65. https://doi.org/10.1007/978-1-62703-311-

4_22 PMID: 23436423

18. Pirici D, Mogoanta L, Kumar-Singh S, Pirici I, Margaritescu C, Simionescu C, et al. Antibody elution

method for multiple immunohistochemistry on primary antibodies raised in the same species and of the

same subtype. J Histochem Cytochem. 2009; 57(6):567–75. PubMed Central PMCID:

PMCPMC2690408. https://doi.org/10.1369/jhc.2009.953240 PMID: 19223296

19. Vandewalle C, Van Roy F, Berx G. The role of the ZEB family of transcription factors in development

and disease. Cell Mol Life Sci. 2009; 66(5):773–87. https://doi.org/10.1007/s00018-008-8465-8 PMID:

19011757

20. Brabletz S, Brabletz T. The ZEB/miR-200 feedback loop—a motor of cellular plasticity in development

and cancer? EMBO Rep. 2010; 11(9):670–7 PubMed Central PMCID: PMCPMC2933868. https://doi.

org/10.1038/embor.2010.117 PMID: 20706219

21. Paterson EL, Kazenwadel J, Bert AG, Khew-Goodall Y, Ruszkiewicz A, Goodall GJ. Down-regulation of

the miRNA-200 family at the invasive front of colorectal cancers with degraded basement membrane

indicates EMT is involved in cancer progression. Neoplasia. 2013; 15(2):180–91. PubMed Central

PMCID: PMCPMC3579320. PMID: 23441132

22. Aigner K, Dampier B, Descovich L, Mikula M, Sultan A, Schreiber M, et al. The transcription factor ZEB1

(deltaEF1) promotes tumour cell dedifferentiation by repressing master regulators of epithelial polarity.

Oncogene. 2007; 26(49):6979–88. PubMed Central PMCID: PMCPMC2899859. https://doi.org/10.

1038/sj.onc.1210508 PMID: 17486063

23. Yamada N, Sugai T, Eizuka M, Tsuchida K, Sugimoto R, Mue Y, et al. Tumor budding at the invasive

front of colorectal cancer may not be associated with the epithelial-mesenchymal transition. Hum

Pathol. 2017; 60:151–9. https://doi.org/10.1016/j.humpath.2016.10.007 PMID: 27836787

24. Jensen DH, Dabelsteen E, Specht L, Fiehn AM, Therkildsen MH, Jonson L, et al. Molecular profiling of

tumour budding implicates TGFbeta-mediated epithelial-mesenchymal transition as a therapeutic target

MicroRNA-200b in colon cancer budding cells

PLOS ONE | https://doi.org/10.1371/journal.pone.0178564 May 26, 2017 12 / 13

https://doi.org/10.1371/journal.pone.0007181
http://www.ncbi.nlm.nih.gov/pubmed/19787069
https://doi.org/10.18632/oncotarget.199
http://www.ncbi.nlm.nih.gov/pubmed/21317460
https://doi.org/10.3390/jcm5050051
https://doi.org/10.3390/jcm5050051
http://www.ncbi.nlm.nih.gov/pubmed/27136592
https://doi.org/10.1007/s00428-015-1886-5
http://www.ncbi.nlm.nih.gov/pubmed/26613731
https://doi.org/10.1007/s00428-015-1740-9
http://www.ncbi.nlm.nih.gov/pubmed/25701480
https://doi.org/10.1038/modpathol.2012.155
http://www.ncbi.nlm.nih.gov/pubmed/23018875
https://doi.org/10.1038/labinvest.3700199
http://www.ncbi.nlm.nih.gov/pubmed/15516972
https://doi.org/10.1007/s00428-007-0466-8
https://doi.org/10.1007/s00428-007-0466-8
http://www.ncbi.nlm.nih.gov/pubmed/17674041
https://doi.org/10.1007/s10585-010-9355-7
https://doi.org/10.1007/s10585-010-9355-7
http://www.ncbi.nlm.nih.gov/pubmed/21069438
https://doi.org/10.1007/978-1-62703-311-4_22
https://doi.org/10.1007/978-1-62703-311-4_22
http://www.ncbi.nlm.nih.gov/pubmed/23436423
https://doi.org/10.1369/jhc.2009.953240
http://www.ncbi.nlm.nih.gov/pubmed/19223296
https://doi.org/10.1007/s00018-008-8465-8
http://www.ncbi.nlm.nih.gov/pubmed/19011757
https://doi.org/10.1038/embor.2010.117
https://doi.org/10.1038/embor.2010.117
http://www.ncbi.nlm.nih.gov/pubmed/20706219
http://www.ncbi.nlm.nih.gov/pubmed/23441132
https://doi.org/10.1038/sj.onc.1210508
https://doi.org/10.1038/sj.onc.1210508
http://www.ncbi.nlm.nih.gov/pubmed/17486063
https://doi.org/10.1016/j.humpath.2016.10.007
http://www.ncbi.nlm.nih.gov/pubmed/27836787
https://doi.org/10.1371/journal.pone.0178564


in oral squamous cell carcinoma. J Pathol. 2015; 236(4):505–16. https://doi.org/10.1002/path.4550

PMID: 25925492

25. Xie N, Wang C, Zhuang Z, Hou J, Liu X, Wu Y, et al. Decreased miR-320a promotes invasion and

metastasis of tumor budding cells in tongue squamous cell carcinoma. Oncotarget. 2016.

26. Hur K, Toiyama Y, Takahashi M, Balaguer F, Nagasaka T, Koike J, et al. MicroRNA-200c modulates

epithelial-to-mesenchymal transition (EMT) in human colorectal cancer metastasis. Gut. 2013; 62

(9):1315–26. PubMed Central PMCID: PMCPMC3787864. https://doi.org/10.1136/gutjnl-2011-301846

PMID: 22735571

27. Muto Y, Suzuki K, Kato T, Tsujinaka S, Ichida K, Takayama Y, et al. Heterogeneous expression of zinc-

finger E-box-binding homeobox 1 plays a pivotal role in metastasis via regulation of miR-200c in epithe-

lial-mesenchymal transition. Int J Oncol. 2016; 49(3):1057–67. https://doi.org/10.3892/ijo.2016.3583

PMID: 27315529

28. Mitrovic B, Schaeffer DF, Riddell RH, Kirsch R. Tumor budding in colorectal carcinoma: time to take

notice. Mod Pathol. 2012; 25(10):1315–25. https://doi.org/10.1038/modpathol.2012.94 PMID:

22790014

29. Aoki S, Nakanishi Y, Akimoto S, Moriya Y, Yoshimura K, Kitajima M, et al. Prognostic significance of

laminin-5 gamma2 chain expression in colorectal carcinoma: immunohistochemical analysis of 103

cases. Dis Colon Rectum. 2002; 45(11):1520–7. https://doi.org/10.1097/01.DCR.0000029593.41892.

62 PMID: 12432301

30. Lenander C, Habermann JK, Ost A, Nilsson B, Schimmelpenning H, Tryggvason K, et al. Laminin-5

gamma 2 chain expression correlates with unfavorable prognosis in colon carcinomas. Anal Cell Pathol.

2001; 22(4):201–9. PubMed Central PMCID: PMCPMC4617515. https://doi.org/10.1155/2001/137404

PMID: 11564896

31. Spaderna S, Schmalhofer O, Hlubek F, Berx G, Eger A, Merkel S, et al. A transient, EMT-linked loss of

basement membranes indicates metastasis and poor survival in colorectal cancer. Gastroenterology.

2006; 131(3):830–40. https://doi.org/10.1053/j.gastro.2006.06.016 PMID: 16952552

32. Rogers AC, Winter DC, Heeney A, Gibbons D, Lugli A, Puppa G, et al. Systematic review and meta-

analysis of the impact of tumour budding in colorectal cancer. Br J Cancer. 2016; 115(7):831–40.

PubMed Central PMCID: PMCPMC5046217. https://doi.org/10.1038/bjc.2016.274 PMID: 27599041

33. Kevans D, Wang LM, Sheahan K, Hyland J, O’Donoghue D, Mulcahy H, et al. Epithelial-mesenchymal

transition (EMT) protein expression in a cohort of stage II colorectal cancer patients with characterized

tumor budding and mismatch repair protein status. Int J Surg Pathol. 2011; 19(6):751–60. https://doi.

org/10.1177/1066896911414566 PMID: 21791486

34. Shinto E, Baker K, Tsuda H, Mochizuki H, Ueno H, Matsubara O, et al. Tumor buds show reduced

expression of laminin-5 gamma 2 chain in DNA mismatch repair deficient colorectal cancer. Dis Colon

Rectum. 2006; 49(8):1193–202. https://doi.org/10.1007/s10350-006-0568-4 PMID: 16773493

35. Pino MS, Kikuchi H, Zeng M, Herraiz MT, Sperduti I, Berger D, et al. Epithelial to mesenchymal transi-

tion is impaired in colon cancer cells with microsatellite instability. Gastroenterology. 2010; 138

(4):1406–17. PubMed Central PMCID: PMCPMC2846966. https://doi.org/10.1053/j.gastro.2009.12.

010 PMID: 20026115

MicroRNA-200b in colon cancer budding cells

PLOS ONE | https://doi.org/10.1371/journal.pone.0178564 May 26, 2017 13 / 13

https://doi.org/10.1002/path.4550
http://www.ncbi.nlm.nih.gov/pubmed/25925492
https://doi.org/10.1136/gutjnl-2011-301846
http://www.ncbi.nlm.nih.gov/pubmed/22735571
https://doi.org/10.3892/ijo.2016.3583
http://www.ncbi.nlm.nih.gov/pubmed/27315529
https://doi.org/10.1038/modpathol.2012.94
http://www.ncbi.nlm.nih.gov/pubmed/22790014
https://doi.org/10.1097/01.DCR.0000029593.41892.62
https://doi.org/10.1097/01.DCR.0000029593.41892.62
http://www.ncbi.nlm.nih.gov/pubmed/12432301
https://doi.org/10.1155/2001/137404
http://www.ncbi.nlm.nih.gov/pubmed/11564896
https://doi.org/10.1053/j.gastro.2006.06.016
http://www.ncbi.nlm.nih.gov/pubmed/16952552
https://doi.org/10.1038/bjc.2016.274
http://www.ncbi.nlm.nih.gov/pubmed/27599041
https://doi.org/10.1177/1066896911414566
https://doi.org/10.1177/1066896911414566
http://www.ncbi.nlm.nih.gov/pubmed/21791486
https://doi.org/10.1007/s10350-006-0568-4
http://www.ncbi.nlm.nih.gov/pubmed/16773493
https://doi.org/10.1053/j.gastro.2009.12.010
https://doi.org/10.1053/j.gastro.2009.12.010
http://www.ncbi.nlm.nih.gov/pubmed/20026115
https://doi.org/10.1371/journal.pone.0178564

