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Villin is a biomarker for reverse polarity in
colorectal micropapillary carcinoma
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Abstract. Colorectal cancer (CRC) is a common malig-
nant tumor of digestive system. CRC with micropapillary
pattern (MPP) is an aggressive variant of colorectal adeno-
carcinoma. The aim of the present study was to clarify the
clinicopathological significance and the prognostic role of an
immunohistochemical marker, MPP, in CRC. The association
between MPP and clinicopathological characteristics and
prognosis in 286 cases of CRC (286/453 cases had follow-up
information) were analysed. Then, 81 tissues without MPP
and 90 tissues with MPP were analysed by immunohisto-
chemistry using antibodies against villin, E-cadherin and
epithelial membrane antigen (EMA). Bioinformatics was used
to evaluate the expression of these three indicators in CRC.
The proportion of micropapillary carcinoma in the overall
tumour was =5%, and was observed in 90/453 cases (19.8%).
The present data showed that CRC with MPP displayed higher
rates of vascular and lymphatic invasion, a higher metastatic
lymph node ratio and a higher pathological tumour and metas-
tasis stage compared with CRC without MPP. The positive
expression rates of EMA, E-cadherin and villin were 50.3,93.4
and 96.5%, respectively. In 90 CRC cases with MPP, EMA
inside-out pattern (I/OP) staining was observed in 26 cases
(28.9%), and it was often focal and partial, while 37 cases
(41.1%) had E-cadherin focal and partial staining compatible
with reverse polarity. Villin I/OP staining was observed in
77 cases (85.6%), and circumferential staining predominated
over partial staining. Overall, the data suggested that the
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presence of MPP is significantly associated with aggressive
tumour behaviour and worse overall survival rate in CRC.
Visualization and distinction of reverse polarity of colorectal
micropapillary carcinomas is improved villin compared with
EMA or E-cadherin.

Introduction

Colorectal carcinoma (CRC) is the second most commonly
diagnosed cancer in women and the third in men around the
world (1). Although the initial events of CRC development
are relatively well understood and therapeutic approaches
for early-stage disease have significantly improved (2), some
aggressive types of CRC have not received enough attention
from pathologists. These types of CRC may have higher
rates of recurrence and metastasis, such as micropapillary
cancer (3,4). Therefore, it is important to identify specific
markers to diagnose these forms of CRC.

Colorectal micropapillary carcinoma (MPC) is related to a
poor prognosis (5). The tumour is characterized histologically
by small papillary clusters of cells lacking a central fibrous
vascular core located in lacunar spaces, with eosinophilic
cytoplasm and pleomorphic nuclei (6-11). This pattern was
described first in the breast (12) and ovarian cancer (13) and
subsequently in other locations, including the urothelial (14),
gastrointestinal (15), lung (16) and salivary gland cancer (17).
An increasing number of studies have reported that MPC is an
aggressive variant of colorectal adenocarcinoma (4,11,18,19).
However, there are only a few preliminary studies with small
samples of CRC with micropapillary pattern (MPP) and a few
case reports of clinicopathological studies.

MPC cells display reverse polarity and with the
characteristics of an inside-out (I/O) epithelial membrane
antigen (20,21). I/O pattern (I/OP) staining of EMA/mucin
(MUCQO)1 has also been confirmed in CRC with micropapillary
components (4,20,22,23). However, some studies have
demonstrated that the sensitivity of EMA/MUC-1 staining is
not high, and >50% of cases have no EMA staining (4,23-25).
Like EMA/MUC-1, villin is a surface-related glycoprotein
and is also expressed in the normal colorectal mucosa (26).
Using bioinformatics methods, the expression of villin,
E-cadherin and EMA in colorectal cancer and normal mucosa
was analysed. Immunohistochemical staining was used to
compare the expression of EMA, E-cadherin and villin in
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colorectal MPC and common adenocarcinoma, aiming to
identify improved markers of MPC.

The present study collected 453 colorectal cancer tissue
samples between 2013 and 2018. The structure of colorectal
cancer tissue was observed using microscopy. In total, 90 cases
were accompanied by MPP and 85 cases of CRC with MPP
and 201 cases without MPP were analysed to compare their
clinicopathological parameters and the patient outcomes.

Materials and methods

Patients. The records of 453 patients who had undergone
surgical resection of CRC at The Third Affiliated Hospital of
Guangzhou Medical University (Guangzhou, China) between
January 2013 and December 2018 were retrospectively
analysed and followed up by telephone. The inclusion criteria
were a complete follow-up, ranging from 1 to 58 months with
a mean of 26 months. The patients consisted of 162 men and
124 women. The age of patients ranged from 27 to 93 years
with a mean age of 60 years. The patient had not received any
pre-operative chemotherapy or radiotherapy.

Clinicopathological characteristics, such as tumour size,
differentiation, vascular and lymphatic invasion, lymph
node metastasis and distant metastasis and pathological
Tumour-Node-Metastasis (pTNM) stages (27), were reviewed
using medical charts, pathological records and archived slides
of tissue samples. All patients provided written informed
consent and the study was approved by The Ethics Committee
of The Third Affiliated Hospital (Guangzhou, China).

Evaluation of MPP. To elucidate the clinicopathological
significance of MPCs, the presence of MPP was investigated
in 453 CRCs by three pathologists in the present group.
MPP is characterized by: i) A tumour cell nest, consisting
of 3-20 tumour cells, with reverse polarity with an outer
common border (6); ii) tumour cell clusters without fibro-
vascular cores (7); iii) tumour cells with pleomorphic nuclei
and eosinophilic cytoplasm (8); and iv) a clear lacunar space
around the tumour nest (11). In some cases, MPP in the mucin
pools was determined. Comparisons between CRCs with MPP
and without MPP were conducted.

GEPIA and the Human Protein Atlas (HPA) database
analysis. Villin, EMA and E-cadherin expression in colorectal
adenocarcinoma (COAD) and normal tissues were obtained
from the GEPIA database (http://gepia.cancer-pku.cn/).
Immunohistochemistry results of COAD with three different
antibodies against villin, five different antibodies against
EMA/MUC-1 and E-cadherin, were obtained from the HPA
database (https://www.proteinatlas.org/), which has been
generated from RNA-sequencing analysis and immunohis-
tochemistry analysis (28). The HPA database analyzes the
expression of villin, E-cadherin and EMA/MUC-1 antibodies
in colorectal cancer to compare the differences between
different clone antibodies, which is helpful for us to select
more effective antibodies.

Tissue microarray construction. The hematoxylin and eosin
(H&E)-stained slides and corresponding paraffin-embedded
tissue (29) blocks of COAD with MPP were obtained from

Table I. Percentage of micropapillary pattern within the
90 cases.

Percentage, % Number of cases

5 11
10 37
15 10
20 11
25 7
30 5
40 3
50 4
60 1
70 1

the Department of Pathology (The Third Affiliated Hospital of
Guangzhou Medical University). Representative areas of MPC
and conventional CRC were marked with a marker pen on H&E
slides. Then these corresponding areas of paraffin-embedded
tissue blocks were marked by the same method. Tissue
microarrays (TAMs) were constructed using a tissue-arraying
instrument (QuickRay; Unitma Co., Ltd.). Briefly, tissue cores
with a 1.5-mm diameter of MPC and conventional CRC were
obtained from donor tissue blocks, and were transferred to two
recipient paraffining blocks, respectively. The tissues used for
the TAMs were the same as those aforementioned.

Immunohistochemistry. Consecutive 4-um thick unstained
sections were cut from TAM blocks for immunohistochemical
staining, which was performed using the Leica automatic
immunostaining device (Leica Microsystems, Inc.). Primary
antibodies against villin (1:100; cat. no. PA0554, Leica
Microsystems, Inc.), E-cadherin (1:100; cat. no. GT210701)
and EMA (1:100; cat. no. GM061301) (both Gene Tech
Biotechnology Co., Ltd.). The immunohistochemistry profile
included the expression of villin, E-cadherin and EMA.
Immunohistochemistry were conducted according
to previously described methods (24). All slides were
reviewed and scored independently by three pathologists.
The pathologists were blinded to the experiment. The
scoring method based on both the intensity (0, no staining;
1, weak staining; 2, medium staining; 3, strong staining)
and proportion of positive cells (0, 0%; 1, 1-25%; 2, 26-75%;
3, 76-100%). The final staining score was calculated by
multiplying the staining intensity score by extent of staining
score. A final staining score of =3 was considered positive, and
others were classified as low expression. The cases of positive
expression were further classified into two groups based on
the location of the three markers. For MUC-1 and villin, these
cases with positive expression on the outer borders of tumor
cell clusters were regarded as having reversion of cell polarity
(I/OP staining group), and staining in the apical membrane
of adenocarcinoma were regarded as non-reversion of cell
polarity (no I/OP staining group). For E-cadherin, the cases
with cup-shaped expression patterns around cell nests were
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Figure 1. Representative images showing features of MPP in CRCs (magnification, x100). (A) Mixed adenocarcinoma of CRC containing moderately dif-
ferentiated tubular adenocarcinoma and micropapillary carcinoma. Red arrow shows conventional tubular adenocarcinoma and the green arrow shows
micropapillary carcinoma. (B) Adenocarcinomas with MPP are usually small, have no fibrovascular cores and have cells with pleomorphic nuclei and eosino-
philic cytoplasm. (C) Cleft-like spaces between tumour clusters and stroma. (D) Adenocarcinoma with a MPP in mucin pools. MPP, micropapillary pattern;

CRC, colorectal carcinoma.

regarded as having reversion of cell polarity (I/OP staining
group) and complete cell membrane expression were regarded
as non-reversion of cell polarity (no I/OP staining).

Statistical analysis. Statistical analyses were performed using
SPSS version 19.0 software (IMB Corp.). Data are presented
as value (%), unless otherwise shown. The significance
of the association between the presence of MPP and the
clinicopathological characteristics was determined by either
the y? test or Fisher's exact test (two-sided). Survival curves
were estimated using the Kaplan-Meier product-limit method,
and differences between the survival curves were determined
using the log-rank test. The statistical method used in the
GEPIA database was one-way ANOVA with Least Significance
Difference post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Histological features of primary COAD with MPP. A MPP
with a proportion =5% of the tumour was identified in
90/453 cases (19.87%) of CRC. The percentage of MPP within
the 90 cases ranged from 5-70%, as summarized in Table I.
The morphology of MPP was different from that of conven-
tional adenocarcinoma (Fig. 1A). The glandular tube structure
can be seen in most conventional adenocarcinomas, while the
MPP shows nest-mass transformation. MPP was often present
at the invasive edge of the tumour. The main feature of the
MPP was the presence of clefts between the stroma, devoid of
central fibrovascular cores and with pleomorphic nuclei and

eosinophilic cytoplasm (Fig. 1B). There were tumour cell nests
of MPP, consisting of 3-20 tumour cells with reverse polarity
and with an outer common border (Fig. 1C). In some cases,
adenocarcinoma with MPP in mucin pools was observed
(Fig. 1D). These were the histological features of MPP.

COAD with the MPP predicts a poor outcome and
promotes disease progression. Follow-up data was collected
for 286 patients. Their age ranged from 27 to 93 years
(mean 60 years), and 162 patients were men and 124 patients
were women. The tumour size ranged from 0.3 to 16.0 cm
(mean 4.7 cm). The mean number of total lymph nodes
dissected was 11.4 (range, 0-29), and the mean number of
positive lymph nodes was 1.5 (range, 1-14). Of 286 cases,
201 carcinomas were COAD, not otherwise specified, while
85 were MPC (all data not shown).

A comparison of the clinicopathological features of CRC
with and without MPP is summarized in Table II. There was
no significant difference between age, sex, tumour size and
tumour differentiation. Meanwhile, carcinomas with MPP
were significantly associated with a more advanced T (P<0.001
T4 vs. T1-2),N (P<0.001 NO vs. N1-N2) and M stage (P=0.024),
and higher levels of lymphovascular invasion (P=0.009) and
higher TNM stages (P<0.001 I-II vs. IV). Consistent with
these results, Kaplan-Meier analysis also showed a positive
association between tumours with MPP and worse overall
survival rate (P=0.005; Fig. 2). Kaplan Meier analysis showed
no significant association between depth of invasion (T stage)
and overall survival (Fig. S1A). Tumor size was also not
significantly associated with worse overall survival (Fig. S1B).
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Table II. Comparison of clinicopathological data between 85 cases of MPC and 201 cases of non-MPC.

Clinicopathological MPC, Non-MPC,
variables Value, n n (%) n (%) . P-value
Age, years 0.469 0.577
<60 88 23 (27.1) 65 (32.3)
=60 198 62 (72.9) 136 (67.7)
Sex 0.807 0434
Male 162 53 (60.2) 109 (54.2)
Female 124 32 (39.8) 92 (45.8)
Tumor size, cm 0.318 0.605
<5 149 43 (50.6) 109 (54.2)
=5 137 42 (494) 92 (45.8)
Tumor differentiation 0.298 0.862
Well 59 17 (20.0) 42 (20.9)
Moderate 217 66 (76.5) 152 (75.6)
Poor 10 2(3.5) 7(3.5)
T classification 4942 0.031
T1-T2 36 5(5.9) 31(154)
T3-T4 250 80 (94.1) 170 (84.6)
N classification 13.455 <0.0001
NO 116 20 (23.5) 94 (46.8)
N1-N2 170 65 (76.5) 107 (53.2)
M classification 507 0.024
MO 241 66 (77.6) 177 (88.1)
M1 45 21 (224) 24 (11.9)
Lymphovascular invasion 7.089 0.009
No invasion 93 18 (21.2) 75 (37.5)
Invasion 193 67 (78.8) 126 (62.5)
Stage 15.510 <0.0001
I-1I 103 16 (18.8) 87 (43.3)
HI-1v 183 69 (81.2) 114 (56.7)
MPC, micropapillary carcinoma; T, tumour; N, node; M, metastasis.
Although, Cox regression analyses showed that CRC with MPP
. . 100
was not an independent prognostic factor for the outcomes of
patients, age was an independent prognostic factor (Table III).
T 754
Bioinformatics analysis of villin expression in CRC. -g
I/OP staining of EMA/MUC-1 and E-cadherin has been 3
recognized as two hallmarks of MPCs (20-22), especially ¢ s0=
EMA/MUC-I1 (23,25). Villin is another surface-related glyco- §
protein similar to EMA/MUC-1, which is also present in the & —i— Colorectal cancer
normal colonic mucosa (26). 259 —— Micropapillary carcinoma
To clarify the significance of these three surface-related
. . . . . Log-rank P=0.005
glycoproteins in CRC, the expression differences in CRC 5
tissues and normal tissues were analysed using bioinformatics. o i 5 s g0 A

Based on the GEPIA database, as shown in Fig. 3A, there was
no difference between COAD tissues and normal tissues for
the transcription level of EMA/MUC-1. The mRNA expres-
sion of E-cadherin and villin was higher in COAD tissues
compared with in normal tissues (Fig. 3B and C, respectively).

Time (months)

Figure 2. MPP predicts poor outcome in patients with CRC. Kaplan-Meier
analysis of overall survival rate in all patients with CRC according to MPP.
Data are presented as means + SD from three independent experiments.
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Table III. Summary of overall survival rate analysis by univariate and multivariate Cox regression analysis.

Univariate analysis Multivariate analysis

Variables P-value HR 95% CI P-value HR 95% CI
Age, <60 vs. 260 years 0.004 2479 1.336-4.602 0.007 2.341 1.258-4.358
T classification, T1-T2 vs. T3-T4 <0.001 2.144 1.458-3.154

N classification, NO vs. N1-N2 <0.001 3.535 1.975-6.329

M classification, MO vs. M1 <0.001 2.833 1.684-4.766

Lymphovascular invasion, yes vs. no 0.002 2.361 1.358-4.104

Stage, I-1I vs. III-IV <0.001 2.303 1.693-3.235 <0.001 2314 1.663-3.222
MPC vs. non-MPC 0.008 1.855 1.174-2.933

HR, hazard ratio; CI, confidence interval; MPC, micropapillary carcinoma; T, tumour; N, node; M, metastasis.
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Figure 3. Expression level of EMA/MUC-1, E-cadherin and villin in colorectal cancer tissue samples. (A) EMA expression was not significantly different
between carcinoma and non-cancerous samples. mRNA expression level of (B) E-cadherin (C) villin were significantly higher in COAS and READ compared
with in normal tissues. Different antibodies of (D) EMA/MUC-1, (E) E-cadherin and (F) villin immunohistochemical results from patients with COAD using
the HPA database. Immunohistochemical expression patterns of (G) EMA/MUC-1, (H) E-cadherin and (I) villin in conventional CRC and normal intestinal
mucosa from the HPA database. "P<0.05 vs. non-cancerous tissue. EMA/MUC-1, epithelial membrane antigen/mucin 1; COAD, colorectal adenocarcinoma;
READ, rectum adenocarcinoma; T, tumour; N, normal; HPA, Human Protein Atlas.

The HPA database is a repository of transcriptomics and ~EMA/MUC-1, E-cadherin and villin immunohistochemical
proteomics data generated from RNA sequencing and immu-  results from patients with COAD using the HPA database. In
nohistochemistry analysis (28). The present study analysed total, five different EMA/MUC-1 antibodies were analysed
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Figure 4. Expression characteristics of EMA, E-cadherin and villin in MPC. (A) EMA, (B) E-cadherin and (C) villin are expressed in conventional CRC
(magnification, x200). (D) EMA and (E) E-cadherin partly show the inside-out pattern of neoplastic cells in MPC. (F) Villin evidently highlights the reverse
polarity of the micropapillary pattern. EMA, epithelial membrane antigen; CRC, colorectal cancer; MPC, micropapillary carcinoma.

Table IV. Immunohistochemical results for 81 cases of non-
MMP and 90 cases of MPP.

Protein Non-MPP, n (%) With MPP, n (%)
Villin
Y 3@3.7) 77 (85.6)
N 74 (91.3) 11 (12.2)
U 4(5.0) 2(12.2)
E-cadherin
Y 2(2.5) 37 (41.1)
N 74 (91.3) 47 (52.2)
U 5(6.2) 6(6.7)
EMA
Y 1(1.2) 26 (28.9)
N 42 (51.9) 17 (18.9)
U 38 (46.9) 47 (52.2)

MPP, micropapillary pattern; Y, detected with I/OP staining. N, not
detected with I/OP staining; U, no staining; I/OP, inside-out pattern;
EMA, epithelial membrane antigen.

and it was demonstrated that EMA/MUC-1 had the highest
positive expression rate with CAB000036, with high expres-
sion accounting for 42%, middle expression accounting for
42% and low expression accounting for 8%. For CAB001986,
the positive expression rate of EMA/MUC-1 was only 25%
(Fig. 3D). E-cadherin had high expression in >99% of CRC
cases (Fig. 3E). In total, three different villin antibodies were
compared and the positive expression rates were 100, 100
and 83.3%, and villin had high expression in all cases with
HPA006884 (Fig. 3F). These results showed that villin and
E-cadherin are more sensitive compared with EMA/MUC-1
in COAD.

In addition, the subcellular locations of EMA, E-cadherin
and villin in CRCs and normal tissues were also investigated

using the HPA database (30). The results demonstrated that
MUC-1 protein was expressed in the cytoplasm and on the
apical surface of glandular epithelial cells (Fig. 3G). E-cadherin
was expressed on the cellular membrane, but absent expression
on the apical surface of glandular cells, presenting as cup-like
staining pattern (Fig. 3H). Similar to E-cadherin, villin had
high expression on the apical surface of glandular cells and
weak expression in the cytoplasm (Fig. 31). Fig. S1 also demon-
strates the IHC expression patterns of EMA, E-cadherin and
villin in normal intestinal mucosa and conventional CRC, with
similar results to Fig. 3G-I.

Immunohistochemical evaluation. Among the 90 conven-
tional CRCs, nine cases were excluded because of the loss of
tissue cores. Thus, 81 conventional CRCs and 90 MPC cases
were successfully examined using THC. The IHC results of
EMA, E-cadherin and villin in the conventional CRCs and
MPCs are summarized in Table IV. In the 81 conventional
CRCs, EMA positive expression was detected in 43 (53.1%),
E-cadherin positive expression in 76 (93.8%) and villin posi-
tive expression in 77 (95.0%). Among the 90 MPC cases, EMA
positive expression was detected in 43 (47.8%), E-cadherin
positive expression in 84 (93.3%) and villin positive expression
in 88 (97.8%). The THC expression results (Table IV) showed
that villin expression was lost in six cases, all of which were
poorly differentiated CRC. The rates of positive expression for
EMA, E-cadherin and villin were not statistically different
between conventional CRCs and MPCs. However, the rate
of positive expression of EMA was <60% in conventional
CRCs and MPCs. EMA, E-cadherin and villin in non-MPP of
CRCs generally displayed a similar profile of staining, namely
luminal staining (Fig. 4A-C).

As shown in Table IV, among the cases with positive
expression for EMA, reverse polarity of the tumour cells
was detected in 26 (60.5%) MPCs (Fig. 4D). E-cadherin was
expressed on the cellular membrane. E-cadherin expression
showed that 37 (44%) MPCs had inverse tumour cell polarity
(Fig. 4E).



ONCOLOGY LETTERS 21: 72, 2021 7

Among most of the conventional CRCs, villin was highly
expressed on the apical surface of the glandular cells and
weakly expressed of absent in the cytoplasm. In the MPCs,
there was high villin expression on the outer borders of tumour
cell clusters and weak or absent expression in the centre of
the tumour cell clusters, displaying reversed cell polarity.
According to villin expression, 77 (87.5%) MPCs had inverse
tumour cell polarity (Fig. 4F). The results of immunohisto-
chemistry showed that compared with EMA and E-cadherin,
villin had an improved ability to recognize MPP.

Discussion

Cancer with MPP shows distinct histology characterized by
an eosinophilic cell cluster (6-8), a lack of a fibrous blood
vessel axis (9,10), voids around the cell mass and cell polarity
reversal (31). Pure MPC is rare and has only been reported
in the breast, pancreatic and colon cancer (6,32). Previous
research has reported that the incidence of CRC with MPP
is 9.4-27.8% (6,33,34), and it was accompanied by aggressive
histological features, including higher levels of lymphovascular
and perineural invasion, more frequent lymph node and distant
metastases and higher TNM stages (6,18,34,35). The present
study, consistent with previous studies (3,4,6), identified 19.8%
of CRCs with a MPC component (90/453 cases). It was also
reported that CRC with MPP was significantly associated with
more frequent lymph node metastasis and higher TNM stages.

MPP should be distinguished from poorly differentiated
clusters (PDCs) and tumour budding (36). MPP generally
consists of 3-20 cells with cleft-like spaces and without fibro-
vascular cores at the interface with the stroma (6-10). PDCs are
composed of no less than five cancer cells, generally located
on the invasive margin and without glandular formation (37).
Tumour budding refers to single cells or small clusters of dedif-
ferentiated tumour cells (38). The epithelial-mesenchymal
transition can occur in aforementioned three pathological
forms, leading to decreased expression of E-cadherin in
epithelial cells (37,38). The peripheral space may be an impor-
tant diagnostic clue to distinguish MPP from PDCs. Hence, the
morphological and immunohistochemical expressions of MPP,
PDCs and tumour budding are similar, so they can be misdiag-
nosed. As CRC with MPP is more aggressive compared with
non-MPP CRC, pathologists need to carefully look for MPC in
colorectal biopsy materials (27,34,39).

I/OP staining of EMA was first detected in breast cancer
with micropapillary components and subsequently reported in
micropapillary carcinomas of the colorectum (40). E-cadherin
is a calcium-dependent cell-cell adhesion glycoprotein
comprised of five extracellular cadherin repeats, encoded by
the gene cadherin 1 (41). E-cadherin is a classical member of
the cadherin superfamily of proteins and is often used as a
useful antibody in the diagnosis of micropapillary cancer (27).
However, the expression of this protein has not specifically
analysed in colon cancer with MPP (35).

Villin is also a member of a family of calcium-regulated
actin-binding proteins (26). This protein represents a domi-
nant part of the brush border cytoskeleton that functions in
the capping, severing and bundling of actin filaments (42).
In normal intestinal epithelium and colorectal cancer, villin
can be seen on the apical/luminal surface (26,42). The present

bioinformatics analysis demonstrated that EM A had the lowest
sensitivity in COAD compared with villin and E-cadherin, as
reported by previous studies (20,22,23,25). A previous study
reported that villin detection using IHC is useful in the detec-
tion of reverse polarity of MPP (19).

The current THC results were consistent with those
reported in the literature (19,20,22), demonstrating that, when
identifying the MPC of CRC, the sensitivity and specificity of
villin is higher compared with that of E-cadherin and EMA.
E-cadherin is one of the immunomarkers of MPC (27,37,38),
but the current study and previous studies showed that it often
had no staining or only partial staining (35). In the present
results, the I/OP staining of EMA and E-cadherin showed
poor sensitivity and was often focal rather than the diffuse
I/OP staining usually shown in illustrations (20,23). However,
villin expression was high on the outer borders of tumour cell
clusters and was weakly expressed or absent in the centre of
the tumour cell clusters, displaying reversed cell polarity. The
present study demonstrated that villin was a useful marker of
colorectal MPC and had greater sensitivity for the detection of
reverse polarity compared with EMA and E-cadherin. Overall,
the current data may help improve the clinical diagnosis of
MPC of the colorectum.

There are limitations to the present study. Western blotting
was not used to confirm the differential expression of EMA,
E-cadherin and villin in normal mucosa or in conventional
CRC and colorectal MPC. In addition, the molecular mecha-
nisms underlying the carcinogenesis and tumour progression
of this unique morphological pattern need to be elucidated in
future research. For example, second generation sequencing
could be used to find differentially expressed genes, screen
regulatory molecules, find relevant signalling pathways and
clarify the relationship between upstream and downstream
regulation.

In summary, an MPP is not an infrequent finding in
CRC. CRC with a micropapillary component is significantly
associated with lymphovascular invasion and a higher TNM
stage. MPC is a histological prognostic factor of poor survival.
Accurate identification of micropapillary components is
essential to determine patient prognosis and to improve clinical
management. The I/OP staining with EMA and E-cadherin
ranged from diffuse circumferential through focal and partial
to absent, and in most cases, villin showed this pattern of
staining more clearly compared with EMA and E-cadherin.
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