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Abstract. The aim of the present study was to classify
colorectal carcinoma (CRC) into molecular subtypes, based
on immunohistochemical (IHC) assessments. A total of
112 CRC samples were molecularly classified based on
the expression levels of epithelial-mesenchymal transition
(EMT)-associated IHC markers. A total of three molecular
subtypes were defined: Epithelial, membrane positivity
for E-cadherin and p-catenin, negative for vimentin;
mesenchymal, E-cadherin-negative, nuclear [3-catenin- and
vimentin-positive; and hybrid cases, epithelial tumor core
and mesenchymal tumor buds. Most of the cases were diag-
nosed as moderately differentiated adenocarcinoma (n=89;
79.46%). The majority of cases (n=100; 89.28%) exhibited a
mismatch repair proficient status (microsatellite stable CRCs).
A predominance of epithelial-type (n=51; 45.54%) and hybrid
CRCs (n=47; 41.96%) was observed, whereas a few cases
(n=14; 12.50%) were classified as mesenchymal-type CRCs.
This molecular classification was associated with pathological
stage (P<0.01), pT stage (P=0.04), pN stage (P<0.01), the
grade of tumor budding (P=0.04), and maspin expression in
both the tumor core (P=0.04) and the invasion front (P<0.01).
The mesenchymal-type cases predominantly exhibited lymph
node metastases, high-grade budding and a tendency towards
maspin nuclear predominance. All epithelial-type cases with
maspin-only expression (n=18) were non-metastatic. Patients
with CRC of the epithelial subtype and those with a lymph
node ratio (LNR) <0.15 presented the best overall survival,
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followed by those with hybrid and mesenchymal subtypes.
Nuclear maspin positivity was more frequent in cases with a
high-budding degree compared with those with a low-budding
degree (P=0.03). The EMT-associated molecular classification
of CRCs may be used to identify the most aggressive CRCs,
which show a mesenchymal phenotype, high-budding degree,
maspin nuclear positivity and lymph node metastases. The
pN stage, LNR and budding degree of patients, which can be
evaluated with maspin expression, remain the most important
prognostic factors.

Introduction

Since the Tumor-Node-Metastasis classification, routinely
used for the diagnosis of patients with colorectal carcinoma
(CRC), is not adequate to plan appropriate targeted therapy,
novel approaches need to be applied, based on the molecular
profile of CRC cells (1). One proposal is the assessment of
tumor budding as a result of active epithelial-mesenchymal
transition (EMT), which is known to be a poor prognostic
marker (1,2). The current study presented a simple method of
budding evaluation to support its introduction in conventional
diagnosis.

The epithelial cells are marked by membrane adhe-
sivity markers, such as E-cadherin and B-catenin, whereas
the mesenchymal phenotype is indicated by the loss of
membrane E-cadherin expression, the translocation of
membrane-to-nuclear [3-catenin positivity and the gain in
positivity for mesenchymal markers, including Slug, Twist or
vimentin (2-4).

Based on the EMT and molecular profile of CRC cells,
several molecular classifications have been proposed for
CRCs. In a consensus published in 2015 (1), four main
consensus molecular subtypes (CMS) of CRC were identi-
fied: i) CMSI: Hypermutated cases with BRAF mutations,
overexpression of proteins implicated in DNA mismatch
repair and microsatellite instability, and tumors in which
immune reaction is important; ii) CMS2: Epithelial
subtype, WNT and MYC signaling pathways activation and
chromosomally unstable; iii) CMS3: Epithelial subtype,
with KRAS mutations and metabolic deregulation; and iv)
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CMS4: Mesenchymal subtype, with transforming growth
factor B activation stromal invasion, and development of
new blood vessels. Combined features were suggested to be
interpreted as transition phenotypes (1). This classification
was demonstrated to have clinical impact, as mesenchymal
subtype carcinomas exhibit a more unfavorable prognosis, a
higher risk of systemic metastases and peritoneal carcinoma-
tosis, and chemoresistance abilities (1-4).

In the present study, based on conventional histopatho-
logical assessment and immunohistochemical (IHC) staining,
the term hybrid CRC was used for two of the aforementioned
groups (epithelial and mesenchymal subtypes), as well as
the transition phenotypes, which display both epithelial and
mesenchymal features (1). To separate the three groups, the
EMT-associated markers E-cadherin, 3-catenin and vimentin
were assessed in the tumor cells of tissues by IHC. Cases that
displayed membrane E-cadherin and B-catenin expression
and were vimentin-negative, in both the core and buds, were
considered as the epithelial type, whereas mesenchymal CRCs
were E-cadherin-negative, along with B-catenin membrane
to nuclear translocation and vimentin positivity. Cases with
transition phenotypes, which were mostly characterized by
epithelial core and mesenchymal buds, were included in the
group of mesenchymal CRCs.

As the EMT was suggested to be associated with the
tumor-budding degree (5), this parameter is routinely evalu-
ated in the daily diagnosis of CRC and considered as a negative
prognostic marker, particularly for stage II cases (6,7).

The originality of the present study consists of both
the quantification of EMT in the tumor core vs. the inva-
sion front (tumor buds) and the quantification method.
Furthermore, a novel marker called maspin was used
instead of the classic cytokeratin AEI/AE3 marker. Maspin
was validated by the Department of Pathology, University
of Medicine, Pharmacy, Sciences and Technology
(Tirgu-Mures, Romania) (8-12), where this marker is used
in the daily diagnosis of CRC.

Maspin is a serine protease, known to act as a tumor
suppressor. However, the role of maspin is dependent on
its subcellular localization (cytoplasm vs. nucleus) (8-12).
Previous studies (8-12) have demonstrated that the cytoplasmic
localization of maspin is an indicator of improved prognosis,
whereas nuclear predominance may indicate a risk of local
recurrence or lymph node metastases. The loss of maspin
expression identified in some CRC specimen is an indicator of
increased risk of distant metastases (10-12).

To the best of our knowledge, the association between
maspin and EMT, or the possible prognostic value of its quan-
tification in the tumor core vs. buds is unknown. The present
study validated the method in daily clinical practice and used
maspin as a marker for routine CRC diagnosis.

Materials and methods

Selection criteria. The Research Ethics Committee of the
University of Medicine and Pharmacy of Targu-Mures,
Romania approved the present observational retrospective
study.

A total of 112 consecutive patients with CRC, who
underwent surgical resection at the Emergency County
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Hospital (Targu Mures, Romania), between January 2015
and December 2018, were included in the present study.
Only those patients that survived for =4 months following
surgery were accounted. The database included a population
of 73 males and 39 females (male:female ratio, 1.87:1) with a
median age of 64.78+10.97 years (range, 33-88 years). None
of the patients received chemo-radiotherapy prior to surgery.
Consecutive cases with and without lymph node metastases
(pN1/N2 and pNO, respectively) were included, whereas cases
with computed tomography- or histology-proven systemic
metastases (pM1) were excluded.

The follow-up of patients was performed between 4 and
39 months following surgery. The follow-up was done in
person or over the phone, for patients who did not attend the
periodic checks. Overall survival time (OS) was calculated
based on the dates of surgery and mortality.

Routine histopathological assessment. Surgical specimens
were histologically evaluated based on the eighth edition of
the American Joint Committee on Cancer guidelines (13). In
all cases, in addition to establishing the pT'N stage and tumor
grade, the lymph node ratio (LNR) and mismatch repair
(MMR) status were determined in paraffin-embedded tissues.
For study reliability, all IHC stains were analyzed by three
pathologists independently.

Based on the number of metastatic lymph nodes, the cases
were divided into three groups: i) pNO (no metastases); ii) pN1
(metastases in one or two lymph nodes or the presence of tumor
deposits); and iii) pN2 (more than two nodes with metastases).
LNR was defined as the proportion of lymph nodes with
metastases to the total number of lymph nodes. Cases were
divided into two groups, using the LNR cutoff value of <0.15
based on previously published data (14).

IHC reactions were performed from formalin-fixed
paraffin-embedded tissues (fixed in 10% neutral buffered
formalin), using the detection system EnVision™ FLEX
(Dako; Agilent Technologies, Inc.). The histological sections,
of 4-5 um thickness, were deparaffinized and rehydrated, after
which the activity of the endogenous peroxidase was blocked
at room temperature by incubation with EnVision™ FLEX
Peroxidase-Blocking reagent for 5 min. Antigen retrieval
consisted of incubating histological sections for 30-40 min at
100°C in citrate buffer (0.01 M) with pH 6.0 or high pH solu-
tion, depending on the antibody used (Table I). After incubation
with the primary antibody (for 60 min at room temperature)
and the secondary antibody (Dako EnVision™ FLEX/HRP
detection reagent; 20 min at room temperature), the reactions
were visualized by EnVision™ FLEX DAB+ Chromogen,
followed by counterstaining with Mayer Hematoxylin for
1 min at room temperature. The stained slides were evaluated
using a light microscope with magnifications ranging from
x10 to x40. Clones and dilutions of the primary antibodies are
included in Table I.

The MMR status was evaluated using four well-known
IHC markers: mutL homolog 1 (MLH-1), mutS homolog 2
(MSH-2), PMS1 homolog 2, mismatch repair system compo-
nent (PMS-2) and mutS homolog 6 (MSH-6) (Table I). The
cases that showed nuclear positivity for all four markers were
declared as having a microsatellite-stable status (MSS). If one
of the markers was negative, the case was sent for molecular
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Table I. Antibodies used for immunohistochemical stains.
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Antibody (company) Clone (catalog nr/code) Dilution Antigen retrieval
E-cadherin (Dako; Agilent Technologies, Inc.) NCH-38 (M3612) 1:50 High retrieval solution (pH 10)
[-catenin (Dako Agilent Technologies, Inc.) [-catenin-1 (IR702) 1:150 High retrieval solution (pH 10)
Vimentin (Dako; Agilent Technologies, Inc.) V9 (MQO725) 1:800 High retrieval solution (pH 10)
MLHI1 (Leica Microsystems GmbH) ESO5 (MLH1-L-CE) 1:100 High retrieval solution (pH 10)
MSH2 (Leica Microsystems GmbH) 25D12 (MSH2-CE) 1:50 High retrieval solution (pH 10)
PMS2 (Leica Microsystems GmbH) MOR4G (PMS2-L-CE) 1:50 High retrieval solution (pH 10)
MSHS6 (Leica Microsystems GmbH) PU29 (MSH6-L-CE) 1:100 High retrieval solution (pH 10)
Maspin (Leica Microsystems GmbH) EAW24 (MASPIN-CE) 1:50 Citrate (pH 6)

PCR examination of the microsatellite status, as previously
reported (15).

Budding degree and maspin quantification. The quantification
of tumor buds was based modifications on the criteria proposed
by the International Tumor Budding Consensus Conference
in 2016 (6,7), as previously reported (8-12). ‘Hotspot budding
areas’ were identified by light microscopy on histology slides
stained with hematoxylin-eosin (HE) and Maspin at the inva-
sion front, using a x10 objective lens. Subsequently, single
tumor cells and clusters of no more than four tumor cells were
counted with a x20 objective lens (0.785 mm? field area) and
cases are classified as low- (<5 buds/hotspot) or high-grade
budding (=5 buds/hotspot) (6,7).

Maspin expression was evaluated in both the tumor core
and the tumor buds. Maspin quantification was performed
in ‘hotspot budding areas’, without taking into account the
zones with inflammatory stroma or necrosis. Based on the
dual cytoplasmic-nuclear expression of maspin in tumor cells
and a cutoff value of 10% (Table II), cases were considered to
be: negative (no stain); carcinomas with cytoplasm positivity
(cytoplasmic positivity, without nuclear expression); or carci-
nomas with nuclear predominance, also known as carcinomas
with dual positivity (nuclear + cytoplasmic) (8,10,11).

EMT-based subtyping. As aforementioned, cases were
classified into three subtypes of CRC, based on the expression
levels of three EMT-associated IHC markers: E-cadherin,
[-catenin and vimentin (Tables I and IIT). The three molecular
CRC subtypes were defined as: Group A or epithelial (membrane
E-cadherin/membrane B-catenin/negative vimentin, in the
tumor core and buds); Group B or hybrid CRCs (epithelial
immunoprofile in the tumor core and the mesenchymal profile
of tumor buds); and Group C or mesenchymal (negative
E-cadherin/nuclear 3-catenin/vimentin-positive, in tumor core
and buds)

Statistical analysis. Statistical analysis, both descriptive
(indicating the median value and the standard deviation), as
well as establishing correlations between the three molecular
subtypes and the clinicopathological parameters, and between
the grade of tumor budding and the IHC expression of Maspin,
was performed using GraphPad Prism v7 software (GraphPad
Software, Inc.). P<0.05 was considered to indicate a statisti-
cally significant difference, calculated by the > test. OS rate

Table II. Interpretation of maspin expression, according to its
subcellular localization and percentage of positive cells.

Subcellular localization in tumor cells, %

Cytoplasm Nuclei Cell membrane Interpretation

<10 <10 No stain Negative

=10 <10 No stain Cytoplasm

>10 >10 No stain Dual (nucleus +
cytoplasm)

was evaluated using Kaplan-Meier survival analysis and the
log-rank (Mantel-Cox) test.

Results

Clinicopathological parameters. Most cases (n=89) were
diagnosed as moderately differentiated (G2) adenocarcinoma,
at pI'3 or pT4 stages (96/112), without lymph node metastases
(n=68), and exhibited a proficient MMR status - considered as
MMS cases (100/112) (Table IV).

EMT-based subtyping and clinicopathological parameters.
Based on the IHC expression of the EMT-associated markers,
cases were classified into three molecular subtypes, presented
in Fig. 1. More than one third of cases (n=51) belonged to
Group A (epithelial subtype) and a similar proportion (n=47)
to Group B (hybrid type). Fewer than 13% of cases (n=14) were
classified as Group C (mesenchymal type).

Molecular subtypes did not show any association with age,
sex, tumor location, microscopic type or microsatellite status
(Table IV). Although the statistical difference was not signifi-
cant, due to a low number of cases, it is notable that all four
G1 adenocarcinoma cases and all 12 low-grade microsatellite
status (MSI-L) cases belonged to Group A.

A significant association was identified between the
molecular groups and pathological stages (P<0.01), pT stage
(P=0.04), pN stage (P<0.01), LNR value (P<0.01) and the grade
of tumor budding (P=0.04). Tumors with low- and high-budding
grades are exemplified in Fig. 2. Only one non-metastatic case
was classified in Group C; on the other hand, >55% of cases
with metastases in >2 lymph nodes or with an LNR value >0.15
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Table III. Molecular classification of colorectal cancer specimens, according to subcellular localization and percentage of positive

cells for epithelial-mesenchymal transition-associated markers.

Tumor core (%)

Tumor buds (invasion front) (%)

Biomarker Cytoplasm  Nuclei  Cell membrane Cytoplasm  Nuclei  Cell membrane Interpretation
E-cadherin  Nostain  No stain =10 No stain ~ No stain =10 Group A or epithelial-type
[3-catenin No stain ~ No stain =10 No stain ~ No stain =0 carcinoma

Vimentin No stain No stain No stain No stain ~ No stain No stain

E-cadherin  Nostain  No stain =10 No stain ~ No stain <10 Group B or hybrid-type
[-catenin No stain ~ No stain =10 No stain =10 <10 carcinoma

Vimentin Nostain ~ No stain No stain =10 No stain No stain

E-cadherin  Nostain  No stain <10 No stain ~ No stain <10 Group C or mesenchymal-
[3-catenin No stain =10 <10 No stain =10 <10 type carcinoma

Vimentin =10 No stain No stain =10 No stain No stain

were also classified in Group C (Table IV). Cases from Groups
A and B exhibited a similar distribution of buds, whereas the
highest proportion of high-grade budding cases were included
in Group C (Table IV).

EMT-based subtyping and maspin expression. Maspin
expression was considered to be negative, cytoplasmic or
presenting dual expression (Fig. 3). An association between
the molecular subgroups and maspin expression was observed
in the tumor core (P=0.04), and more significantly (P<0.01)
in the tumor buds (Table IV). In the tumor core, Group A
predominantly exhibited cytoplasm-only expression, which
was also found in the buds, in 18 of the 33 cases; in the other
15 cases, loss of maspin (n=2) or mixed expression (n=13)
was seen in the tumor buds cells (Table IV). All of the 18
cases with cytoplasm-only positivity in both the core and
buds were low-grade budding pNO cases. In Group B, cyto-
plasm-only expression in the core was mainly transcripted
in nuclear co-localization (dual expression) in the buds. In
Group C, only four of the 14 cases exhibited cytoplasm-only
expression in the core; however, purecytoplasmic positivity
was not seen in the buds. Most of the cases in Group C
showed dualmaspin subcellular expression (cytoplasm +
nuclei; Table IV).

Dualmaspin positivity was significantly more frequent in
the buds of the high-budding tumors compared with those
in low budding tumors (P=0.03). In the budding areas, a
significant cytoplasm (tumor core) to nucleus (invasion front)
translocation was observed in both the low-budding (P<0.01)
and high-budding cases (P<0.01; Table V).

The association of clinicopathological parameters and
maspin immunostaining with the three molecular subtypes
demonstrated that cases from Group C showed a high-budding
degree and a more significant cytoplasm-to-nucleus transloca-
tion of maspin in tumor buds (Table IV).

If cytoplasmic-only maspin expression was an indicator of
non-metastatic cases from Group A, maspin negativity did not
prove to be an indicator of a certain molecular subgroup.

EMT-based subtyping and OS rate. Patients included in
Group A presented the best OS rate, followed by those from

Groups B and C (Fig. 4); however, due to the low number of
cases, this association was not statistically significant.

As previously demonstrated (14), patients with LNR <0.15
had an improved OS, compared with those having an LNR
>0.15 (P=0.04; Fig. 4). Except for the LNR value (P=0.04;
Fig. 4) and pN stage (P=0.04; Fig. 5), which proved in the
present study to be indicators of OS, none of the examined
clinicopathological parameters were independent prognostic
factors.

Although an independent evaluation of maspin, E-cadherin
and B-catenin was performed separately in the core and at the
front, none of the IHC markers were identified as independent
prognostic factors.

Discussion

Similar to the present study, a previous study was also mainly
based on the microsatellite status and the EMT immunophe-
notype (1). However, several markers have been put forward
for use. In some studies, the epithelial phenotype was iden-
tified using cytokeratin, caudal type homeobox 2, mucin-2
and trefoil factor 3, whereas, for confirmation of a mesen-
chymal subtype, FERM domain-containing protein 6, cystic
fibrosis transmembrane conductance regulator, zinc finger
E-box-binding homeobox 1 or 5-hydroxytryptamine receptor
2B staining were evaluated, the latter subtype exhibiting worse
prognosis (1,16,17).

In the present study, IHC was used to evaluate the
microsatellite status and to classify the cases as epithelial or
mesenchymal by interpreting the expression of E-cadherin,
[-catenin and vimentin. Specific antibodies were used for the
identification of a transition subtype CRC, referred to as the
hybrid type, which exhibited an epithelial core and mesen-
chymal buds. Based on the OS analysis and the association
with lymph node metastasis, the mesenchymal subtype was
identified to have the worst prognosis among the three catego-
ries. The significance of the association may be demonstrated
in larger cohorts.

According to previous studies (14,18,19) LNR and pN
stage proved to be independent prognostic indicators of OS for
metastatic and non-metastatic CRCs, using the cutoff value of
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Table IV. Clinicopathological features of colorectal carcinoma cases, according to their tumor molecular subtype (multiple
associations).

Molecular subtypes

Total number Group A, Group B, Group C,
of cases epithelial hybrid mesenchymal

Parameters (n=112),n (%) (n=51),n (%) (n=47),n (%) (n=14),n (%) P-value

Age, years 0.37
<64 45 (40.2) 20 (39.2) 17 (36.2) 8 (57.1)
>64 67 (59.8) 31 (60.8) 30 (63.8) 6 (42.9)

Sex 0.51
Female 39 (34.8) 18 (35.3) 18 (38.3) 3(214)

Male 73 (65.2) 33 (64.7) 29 (61.7) 11 (78.6)

Tumor location 0.64 (proximal +
Proximal colon 40 (35.7) 21 (41.2) 15 (31.9) 4 (28.6) distal colon
Distal colon 39 (34.8) 18 (35.3) 15@31.9) 6(42.8) Vs. rectum)
Upper rectum 33(29.5) 12 (23.5) 17 (36.2) 4 (28.6)

Microscopic aspect 0.39 (G1 + G2 vs.
Gl 4(3.6) 4 (7.8) 0(0.0) 0(0.0) mucinous)
G2 89 (79.5) 39 (76.5) 40 (85.1) 10 (71.4)

G3 8(7.1) 5(9.8) 2(4.3) 1(7.1)
Mucinous adenocarcinoma 11 (9.8) 3(5.9) 5(10.6) 3(21.5)

Microsatellite status 0.37 (MSS vs.
MSS 100 (89.3) 46 (90.2) 43 (91.5) 11 (78.6) MSI-L)
MSI-L 12 (10.7) 5(9.8) 4(8.5) 3(214)

pT stage 0.04 (pT1 + 2 vs.
1 5@4.5) 3(5.9) 2(4.3) 0(0.0) pT3+4)

2 11 (9.8) 6(11.8) 5(10.6) 0(0.0)
3 75 (66.9) 35 (68.6) 32 (68.1) 8 (57.1)
4 21 (18.8) 7(13.7) 8(17.0) 6(42.9)

pN stage <0.01 (pNO vs.
0 68 (60.7) 38 (74.5) 29 (61.7) 1(7.1) pN1 + pN2)

1 28 (25.0) 10 (19.6) 13 (27.7) 5(35.7)
2 16 (14.3) 3(5.9) 5(10.6) 8(57.2)

LNR <0.01 (=0.15
<0.15 85(75.9) 46 (90.2) 38 (80.9) 1(7.1) vs.>0.15)
>0.15 27 (24.1) 5(9.8) 9 (19.1) 13 (92.9)

Pathological stages <0.01 (stage I +
I 8(7.1) 509.8) 3(64) 0(0.0) II vs. IIT)

II 60 (53.6) 33 (64.7) 26 (55.3) 1(7.1)
I 44 (39.3) 13 (25.5) 18 (38.3) 13 (92.9)

Grade of tumor budding 0.04 (low vs.
Low 59 (52.7) 30 (58.8) 25(53.2) 4 (28.6) high grade)
High 53 (47.3) 21 (41.2) 22 (46.8) 10 (71.4)

Maspin expression-tumor core 0.04 (negative vs.
Negative 22 (19.6) 9 (17.6) 9(19.1) 4 (28.6) cytoplasm vs. dual
Cytoplasm 59 (52.7) 33 (64.8) 22 (46.8) 4 (28.6) expression)
Nucleus + cytoplasm 31 (27.7) 9(17.6) 16 (34.1) 6 (42.8)

Maspin expression-tumor buds <0.01 (negative vs.
Negative 22 (19.6) 11 (21.6) 7(14.9) 4 (28.6) cytoplasm vs. dual
Cytoplasm 22 (19.6) 18 (35.3) 4 (8.5) 0(0.0) expression)
Nucleus + cytoplasm 68 (60.8) 22 (43.1) 36 (76.6) 10 (71.4)

pT stage, pathological T stage; pN stage, pathological N stage.
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Table V. Subcellular localization of maspin in the tumor core vs. the invasion front, associated with the tumor budding grade.

Grade of tumor budding

Low budding (n=59) High budding (n=53)
Maspin
subcellular 1. Tumor core, 2.Invasion front, 3.Tumor core, 4.Invasion front,
localization n (%) n (%) n (%) n (%) P-value
Negative 13 (22.1) 14 (23.7) 9(17.0) 8 (15.1) 1vs.2:<0.01;1vs.3:0.19;
Cytoplasm 34 (57.6) 16 (27.1) 25 (47.2) 6(11.3) 2vs.4:0.03;3 vs. 4: <0.01
Nucleus + cytoplasm 12 (20.3) 29 (49.2) 19 (35.8) 39 (73.6)

N o -'e_ e '. <
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Figure 1. Molecular classification of colorectal cancer based on the immunohistochemical profile of E-cadherin and f3-catenin. The epithelial subtype is
characterized by diffuse membrane staining for both (A) E-cadherin and (B) 3-catenin in core and buds, which are indicated by arrows. Hybrid subtype shows
epithelial tumor center, with (C) E-cadherin and (D) (3-catenin membrane expression, and mesenchymal buds, defined by nuclear f3-catenin and marked by
arrows. The mesenchymal subtype does not express (E) E-cadherin, and (F) B-catenin is predominantly nuclear, in both core and buds; the (3-catenin nuclear
positivity is indicated by arrows (F)

<0.15. As the mesenchymal-type CRCs show a higher risk for  cases should benefit from chemotherapy, even in the absence
lymph node metastases, independently of the pT stage, such  of lymph node metastases.
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Figure 2. Classification of budding degree of colorectal carcinoma. (A) Low- and (B) high- budding cases can be seen with hematoxylin-eosin staining. (C) In
low-budding cases, in the tumor core, maspin can be observed in the cytoplasm, with nuclear translocation in the invasion front/buds. (D) In high-budding
cases, dual expression of maspin (nucleus + cytoplasm) is present in both the tumor core and buds. Tumor center/core is highlighted with stars and the buds

are indicated with arrows. Scale bar, 100 ym.

Figure 3. Maspin subcellular localization. (A) Cytoplasm positivity, without
nuclear expression. (B) Dual positivity (nucleus + cytoplasm). Scale bar,
50 ym.

The present study proposed a simple method of budding
evaluation, to support its introduction in conventional diag-
nosis, as a valuable prognostic parameter. This method was
based on the quantification of maspin and can be easily used
in routine practice.

The present study demonstrated the potential prognostic
value of tumor buds, high-grade budding indicating lower OS,
decreased disease-free and relapse-free survival, and associa-
tion with advanced tumor stages and the nuclear localization
of maspin (6,8,10,20,21).

For patients with stage II and III CRC, the nuclear expres-
sion of maspin has been demonstrated to predict sensitivity to
5-fluorouracil and levamisole (9,12,22). In addition to the find-
ings of the present study, it can be postulated that patients with
MSS-CRCs diagnosed with stage II or III, with high-grade
budding and nuclear maspin predominance, involving mainly
mesenchymal-type CRCs, may be responders in the case of
adjuvant chemotherapy (21). On the other hand, patients with
mesenchymal-type CRCs may benefit from anti-EMT-asso-
ciated agents, which are currently being tested in clinical
trials (4,23).

The present study underlined the necessity for tumor budding
assessment in CRC specimens. The identification of cases with
dual maspin expression (cytoplasm + nuclei) and high-grade
budding, along with those, which show a mesenchymal pheno-
type, may have a prognostic and predictive impact for the
implementation of anti-EMT-based clinical trials.

Although based on a small number of cases, the previous
experience of the authors' team in the field of EMT and maspin
guarantees credibility (2,5,8-12). For study reliability, classic
slides were used, not tissue microarrays.
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Figure 4. Examination of the independent prognostic value of clinicopathological factors by Kaplan-Meier curves. No independent prognostic value was
observed for (A) molecular subtype, (B) subcellular localization of maspin in the tumor center, (C) subcellular localization of maspin in the invasion front or
(D) the grade of tumor budding. (E) Lymph node ratio appeared to have a prognostic impact; however, no prognostic value was observed for the molecular
classification, independent from the pathological stages: (F) stage I, (G) stage II or (H) stage III.
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Figure 5. Kaplan-Meier curves indicate the independent prognostic value of
the pN stage. pN, lymph node status.

In conclusion, the present study demonstrated that the
proposed IHC panel represents a feasible option for the molec-
ular classification of CRCs and a simpler way to guide case
management. However, more complex studies in a larger
cohort remain a necessity. The expression of maspin proves
yet again to be a useful tool for identifying tumor buds and,
through examining the subcellular localization of its staining,
for evaluating EMT in CRCs, with nuclear positivity being an
indicator of the mesenchymal subtype, lymph node metastasis,
high-grade tumor budding and decreased OS. Epithelial-type
CRCs with cytoplasmic expression of maspin are mostly
non-metastatic, with a low-budding degree and longer OS.
The most challenging cases remain the hybrid CRCs, whose
particular behavior should be examined on a molecular level.
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