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Low miR200c expression in tumor budding of invasive front predicts
worse survival in patients with localized colon cancer and is related
to PD-L1 overexpression
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Abstract
At the histological level, tumor budding in colon cancer is the result of cells undergoing at least partial epithelial-to-
mesenchymal transition. The microRNA 200 family is an important epigenetic driver of this process, mainly by
downregulating zinc-finger E-box binding homeobox (ZEB) and transforming growth factor beta (TGF-β) expression. We
retrospectively explored the expression of the miR200 family, and ZEB1 and ZEB2, and their relationship with immune
resistance mediated through PD-L1 overexpression. For this purpose, we analyzed a series of 125 colon cancer cases and
took samples from two different tumor sites: the area of tumor budding at the invasive front and from the tumor center. We
found significant ZEB overexpression and a reduction in miR200 in budding areas, a profile compatible with epithelial-to-
mesenchymal transition. In multivariate analysis of the cases with localized disease, low miR200c expression in budding
areas, but not at the tumor center, was an adverse tumor-specific survival factor (hazard ratio: 0.12; 95% confidence interval:
0.03–0.81; p= 0.02) independent of the clinical stage of the disease. PD-L1 was significantly overexpressed in the budding
areas and its levels correlated with a mesenchymal transition profile. These results highlight the importance of including
budding areas among the samples used for biomarker evaluation and provides relevant data on the influence of mesenchymal
transition in the immune resistance mediated by PD-L1 overexpression.

Introduction

Tumor budding is defined as the presence of isolated cells
or clusters of up to 5 cells at the invasive front of colon
cancer tumors. It is a well-recognized independent predictor
of lymph node metastasis in pT1 colorectal tumors and an
independent predictor of survival in stage II patients [1–4].
Epithelial-to-mesenchymal transition has been postulated to
be responsible for tumor bud formation [5–8]. In the con-
sensus molecular classification of colon cancer, the
mesenchymal subgroup (CMS4) is the most aggressive
subtype, and displays upregulation of genes implicated in
epithelial-to-mesenchymal transition and signatures asso-
ciated with the activation of transforming growth factor
receptor-β (TGF-β) [9].

MicroRNAs (miRNAs) are small, noncoding RNAs with
important functions in development, and cell differentiation
and proliferation [10]. Each miRNA targets multiple genes
to negatively regulate their expression either through mes-
senger RNA (mRNA) degradation or translation inhibition
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[10, 11]. The miR200 family comprises 5 members, located
in two different clusters: cluster I in chromosome 1 con-
taining miR200a, miR200b, and miR429, and cluster II in
chromosome 12 containing miR200c and miR141 [12].
This family is known to be an epigenetic regulator of
epithelial-to-mesenchymal transition, and is able to control
the process through a feedback loop with the promoter
regions of zinc-finger E-box binding homeobox (ZEB) and
transforming growth factor beta (TGF-β) [13–15]. ZEB1
and ZEB2 are large transcription factors containing two
zinc-finger domains and are important regulators of cad-
herin expression and epithelial-to-mesenchymal transition
in colon cancer [16–20]. miR200 expression may be
mediated by transcription factors such as ZEB or by epi-
genetic mechanisms. Moreover, methylation of the two
miR200 promoter regions could be used to identify
mesenchymal tumor subtypes, and has already been shown
to be predictive of shorter disease-free survival rates in
colon cancer patients [21].

In this work, we explored the expression of genes and
miRNAs implicated in epithelial-to-mesenchymal transi-
tion: ZEB1, ZEB2, miR200a, miR200b, and miR200c,
both in the center of tumors and at the invasive tumor
front with the highest concentration of tumor buds. We
related the expression of each molecule according to the
sampled area, to patient survival rates, in a series of 125
colon cancer cases. Finally, we also evaluated the
expression of PD-L1 in both areas to gain a better
understanding of the mechanisms of immune resistance
associated with tumor budding and epithelial-to-
mesenchymal transition.

Materials and methods

We retrospectively analyzed 125 formalin-fixed paraffin-
embedded (FFPE) colectomy specimens from colon cancer
patients which had been received consecutively at the
Department of Pathology in the Hospital Clínico Uni-
versitario of Valencia (Spain), over 15 months, from Jan-
uary 2012 to April 2013. Samples from tumors located
below the peritoneal reflection were excluded.

Pathological evaluation

All the slides were reviewed by 2 pathologists (C.M. and
S.N.F) and were classified according to the American
Joint Committee on Cancer (AJCC) 8th edition guidelines
[22]. The tumor differentiation (high or low), invasion
pattern (infiltrative vs. expansive), and the presence of
lymphovascular or perineural invasion were recorded in
each case. Clinical and follow-up information was
obtained from the medical history records of all the

participants. The study protocol was approved by the
Ethics Board at the INCLIVA Biomedical Research
Institute. Tumor budding was assessed in a hotspot area of
0.785 mm2 on H&E sections, which was chosen after
reviewing all the available slides containing invasive
tumor sections and according to the recommendations of
the international tumor budding consensus conference [7].
Each case was classified in one category: low, inter-
mediate or high-grade tumor budding when having 0–4,
5–9, and 10 or more buds.

Immunohistochemical studies

Paraffin-embedded tumor sections were deparaffinized
and the antigens were retrieved in a high pH citrate buffer
in a pressure cooker (Dako). The immunohistochemical
studies were done using an automated Autostainer Link
48 system (Dako, Glostrup, Denmark) with the following
monoclonal antibodies: MLH1 (clone IR079, dilution
1:100. Dako), MSH2 (clone IR085, dilution 1:100.
Dako), MSH6 (clone IR086, dilution 1:100. Dako), and
PMS2 (clone IR087, dilution 1:100, Dako). PD-L1
immunostaining was carried out in a low pH citrate buf-
fer (clone 28.8, prediluted, Dako). Only the complete loss
of nuclear staining in combination with a positive internal
control was accepted as the loss of mismatch repair
(MMR) protein expression. Lymphocytes, stromal cells,
and non-neoplastic epithelial cells were used as internal
controls.

RNA isolation and molecular studies

RNA was purified from samples selected from two different
tumor areas: from the center and at the invasion front, the
latter including the tissue with the highest concentration of
buds. Samples were deparaffinized using a deparaffinization
solution (Qiagen, CA). Total RNA (including small RNAs)
was purified using the AllPrep DNA/RNA FFPE kit (Qia-
gen, CA) following the manufacturer’s instructions. The
RNA concentration was quantified using a NanoDrop
spectrophotometer (NanoDrop). Reverse transcription (RT)
was carried out using the TaqMan® MicroRNA Reverse
Transcription Kit in presence of RNase inhibitor (Applied
Biosystems, Foster City, CA). The RT reaction was multi-
plexed by creating a customized RT primer pool using the
following primers: UAACACUGUCUGGUAACGAUGU
for hsa-miR-200a-3p (MIMAT0000682), UAAUACUGCC
UGGUAAUGAUGA for hsa-miR-200b-3p (MIMAT0000
318), and UAAUACUGCCGGGUAAUGAUGGA for hsa-
miR-200c (MIMAT0000617). A pre-amplification step for
the RT-PCR studies was required using the following pri-
mers: UAACACUGUCUGGUAACGAUGU for ZEB1,
UAAUACUGCCUGGUAAUGAUGA for ZEB2, and UA
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AUACUGCCGGGUAAUGAUGGA for PD-L1. The
expression of genes and miRNAs were analyzed by quan-
titative real time-PCR (qRT-PCR) using TaqMan Gene
Expression Assays for genes and TaqMan microRNA
Assays for miRNAs (Applied Biosystems by Life Tech-
nologies, Carlsbad, California, USA). The samples were
normalized to GAPDH and RNU6B for genes and miRNAs,
respectively, and relative expression was calculated by
using the comparative Ct method to obtain the fold-change
value (ΔΔCt) [23].

Statistical analysis

The data were statistically analyzed using the software R,
version 3.4.2 (Vienna, Austria); p-values of 0.05 or less
were set as the threshold for statistical significance. The
clinical and pathological characteristics of the patients were
compared using the Chi-squared test or the Wilcoxon test
for qualitative and quantitative variables, respectively; prior
to this, the data were assessed for normality using the
Shapiro–Wilk test. Tumor-specific survival was calculated
from the time of colectomy to death from tumor-related
causes or until the last known follow-up. Disease-free sur-
vival was defined as the period from the time of colectomy
until metastasis or death. Survival was analyzed by com-
paring Kaplan–Meier curves using the log-rank test. Tumor-
specific survival and disease-free survival were evaluated in
non-metastatic (stages I to III) disease. Multivariate
regression analysis was carried out using Cox proportional
hazards models with stepwise selection, including any
variables which significantly correlated with the survival
probability in the univariate analysis.

Results

Clinicopathological features and tumor budding

The clinicopathological features of the data are summarized
in Table 1; 30% of cases (n= 36) showed high-grade tumor
budding, 32% (n= 39) intermediate-grade, and 38% (n=
47) low-grade. As shown in Table 2, we observed a sig-
nificant association between high tumor budding grades and
adverse prognostic factors in colon cancer: more advanced
clinical stage (p= 0.03), higher tumor grade (p= 0.01),
larger tumor size, or pT (p= 0.00), a higher number of
positive lymph nodes, or pN (p= 0.00), and the presence of
lymphovascular (p= 0.00) and perineural invasion (p=
0.00). Only 4 cases (3.2%) showed loss of MMR protein
expression, and we found no relationship between MMR
deficiency and tumor budding grade.

Expression analysis

The expression of miR200a, miR200b, and miR200c was
significantly lower at the invasive front compared with the
tumor center (p= 0.00 in all cases). Conversely, ZEB1 and
ZEB2 were overexpressed at the invasive front (p= 0.00
and 0.02, respectively), especially in cases with an infil-
trative growth pattern (p= 0.00). PD-L1 was also over-
expressed at the invasive front with respect to the tumor
center (p= 0.01), especially in cases with high-grade tumor
budding compared to cases with low and intermediate-grade
(p= 0.03). PD-L1 overexpression at the invasive front was

Table 1 Clinicopathological features

Age (years)

Median (range) 71.78 (36–92)

Gender, n (%)

Female 53 (42.4%)

Male 72 (57.6%)

Tumor location, n (%)

Ascending colon 51 (40.8%)

Transverse colon 6 (4.8%)

Descending colon 68 (54.4%)

Histological grade, n (%)

Low 98 (78.4%)

High 27 (21.6%)

pTNM stage, n (%)

I 18 (14.4%)

II 46 (36.8%)

III 44 (35.2%)

IV 17 (13.6%)

pT, n (%)

T1 5 (4.0%)

T2 20 (16.0%)

T3 59 (47.2%)

T4 41 (32.8%)

pN, n (%)

N0 70 (56.0%)

N1 36 (28.8%)

N2 19 (15.2%)

M, n (%)

M0 113 (90.4%)

M1 17 (13.6%)

Lymphovascular invasion, n (%)

Absent 83 (66.4%)

Present 42 (33.6%)

Perineural invasion, n (%)

Absent 96 (76.8%)

Present 29 (23.2%)

Mismatch repair status

Deficient 4 (3.2%)

Proficient 121 (96.8%)
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correlated with lower levels of miR200a (p= 0.02) and
miR200c (p= 0.03) expression, and higher levels of ZEB1
(p= 0.00) and ZEB2 (p= 0.00) expression (Fig. 1). How-
ever, we found no correlation between miR200a, miR200b,
miR200c, ZEB1, or ZEB2 expression and tumor budding
grade. Relative to the tumor centers, there was a significant
decrease in miR200a, miR200b, and miR200c expression
and increased ZEB1 and ZEB2 expression at the invasive
fronts with the most tumor budding, but these differences
were not significantly correlated to the tumor budding
grade.

Immunohistochemical study of PD-L1

All the cases (5 of 5) with low-grade tumor budding showed
positive PD-L1 immunoexpression restricted to peritumoral
inflammatory cells in the invasive front, while the tumor
cells were completely negative. However, 2 of 5 (40%)
high-grade tumor budding cases presented positive

immunostaining limited to the tumor buds at the invasive
front, while the main tumor bulk was negative (Fig. 2).

Survival analysis

The median follow-up time was 43 months and 50% of all
cases were followed for at least 50 months.

Tumor-specific survival in stages I, II, and III disease

As shown in Fig. 3, the univariate analysis of cases in stages
I to III showed that lower tumor-specific survival was sig-
nificantly correlated with low (below the median) miR200c
(p= 0.03) and miR200a (p= 0.04) expression at the inva-
sive front. The clinical stage (p= 0.00) and the presence of
lymphovascular invasion (p= 0.01) significantly correlated
with tumor-specific survival. Multivariate analysis of stage I
to III patients, showed that miR200c expression at the
invasive front, followed only by the clinical stage, was an
independent predictor of tumor-specific survival (Table 3).

Disease-free survival in stage II and tumor-specific survival
in stage III disease

We observed a significant association between the disease-
free survival rate and miR200c expression at the invasive
front in stage-II cases (p= 0.03). We did not perform mul-
tivariate analysis because the only variable significantly
associated with disease-free survival found in the univariate
analysis was miR200c expression. In stage-III cases,
miR200c and miR200a expression significantly influenced
tumor-specific survival (p= 0.01 and p= 0.05, respectively).
In all cases, miR200 expression and survival only correlated
when they were measured at the tumor front, and no other
factors influenced the survival probability in stage-III disease.
Multivariate analysis of cases in stage III revealed miR200c
expression at the invasive front as the only independent
predictor of tumor-specific survival (Table 3).

Discussion

According to our results, the colon cancer invasive front
with the most tumor budding has an expression profile
consistent with epithelial-to-mesenchymal transition:
decreased miR200a, miR200b, and miR200c expression
and increased ZEB1 and ZEB2 expression. Moreover,
reduced miR200a and miR200c expression was associated
with a significant decrease in the probability of tumor-
specific survival, but only when these biomarkers were
evaluated in the tumor fronts with the most budding activity
and not in the tumor centers. This highlights the problem of
intra-tumor heterogeneity and the importance of sample

Table 2 Clinicopathological characteristics according to tumor
budding grade

Low
n= 36
(29.5%)

Intermediate
n= 39 (32.0%)

High
n= 47
(38.5%)

P-value

Histological grade, n (%)

Low 33 (91.67) 33 (84.62) 32 (68.09) 0.01

High 3 (8.33) 6 (15.38) 15 (31.91)

pTNM stage, n (%)

I 10 (27.78) 4 (10.26) 3 (6.38) 0.03

II 15 (41.67) 16 (41.03) 14 (29.79)

III 9 (25.00) 13 (33.33) 21 (44.78)

IV 2 (5.56) 6 (15.38) 9 (19.15)

pT, n (%)

T1 5 (13.89) 0 (0.00) 0 (0.00) 0.00

T2 10 (27.78) 5 (12.82) 4 (8.51)

T3 20 (55.56) 21 (53.85) 17 (36.17)

T4 1 (2.78) 13 (33.33) 26 (55.32)

pN, n (%)

N0 28 (77.78) 22 (56.41) 19 (40.43) 0.00

N1 8 (22.22) 7 (17.95) 20 (42.55)

N2 0 (0.00) 10 (25.64) 8 (17.02)

Lymphovascular invasion, n (%)

No 33 (91.67) 23 (58.93) 24 (51.06) 0.00

Yes 3 (8.33) 16 (41.03) 23 (48.94)

Perineural invasion, n (%)

No 35 (97.22) 37 (94.87) 31 (65.96) 0.00

Yes 1 (2.78) 2 (5.13) 16 (34.04)

Mismatch repair protein expression, N (%)

Proficient 34 (97.14) 36 (94.74) 46 (97.87) 0.71

Deficient 1 (2.86) 2 (5.26) 1 (2.13)
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selection for molecular studies, especially in the identifi-
cation of the CMS4 colon cancer molecular subtype, which
has the worse prognosis [24]. These findings might be
explained by the enrichment of cancer-associated fibroblasts
at the invasive front because these act as TGF-β pathway
activators, which influence neoplastic transformation, and
probably induce tumor budding during epithelial-to-
mesenchymal transition processes [8, 25, 26].

Immunohistochemical expression of PD-L1 has pre-
viously been used as a biomarker to identify subsets of
patients with solid tumors who are more likely to respond to
immune-checkpoint blockage inhibitors [27, 28]. In colon
cancer, the only confirmed predictor of such a response is a
MMR deficiency status which results in a log-fold increase
in the tumor mutational burden [29–33]. PD-L1 expression
in colon cancer is more frequent in cases with deficient

Fig. 1 miR200, ZEB1, ZEB2, and PD-L1 expression in both the tumor
center and at the invasive front. a–c miR200a, miR200b, and miR200c
expression was lower in the invasive front compared with the tumor
center (p= 0.00 in all cases, *Statistically significant). d–f ZEB1,
ZEB,2 and PD-L1 were overexpressed at the invasive front with
respect to the center (p= 0.00, p= 0.02, and p= 0.00, respectively,

*Statistically significant), g Cases with high-grade tumor budding
reached higher PD-L1 expression levels at the invasive front compared
with cases with low and intermediate-grade tumor budding (p= 0.03).
h–I miR200a and miR200c expression were inversely correlated with
PD-L1 expression. j, k ZEB1 and ZEB2 expression directly correlated
with PD-L1 expression
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MMR and has been associated with features of the serrated
pathway such as BRAF mutations and a medullary mor-
phology [34]. In microsatellite-stable colon cancer, the
expression of PD-L1 is less frequent and varies between 3
and 40% according to the series [34, 35]. In our cases, PD-
L1 was overexpressed at the tumor invasive front relative to

the center, and this increase was significantly higher in
tumors with high-grade tumor budding.

The immunohistochemical staining pattern of PDL1, and
the absence of expression in the tumor bulk compared to the
invasive edge, better illustrates these molecular findings.
Interestingly, 40% of cases (2 of 5) with high-grade tumor

Fig. 2 Immunohistochemical study of PD-L1. a, b low-grade tumor
budding case with positive immunoexpression restricted to peritumoral
inflammatory cells at the invasive front; the tumor cells were com-
pletely negative (a: 10× and b: 20× magnification). c, d High-grade

tumor budding case with positive immunostaining limited to the tumor
buds at the invasive front; the tumor bulk was negative (c: 20× and b:
40× magnification)

Fig. 3 Tumor-specific survival for patients in stage I to III, according to miR200c (a) and miR200a (b) expression
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budding displayed positive bud immunostaining while in
low-grade tumor budding cases, tumor cells were com-
pletely negative and only peritumoral inflammatory cells
were positive. Moreover, we observed a significant corre-
lation between PD-L1 overexpression and an expression
profile consistent with epithelial-to-mesenchymal transition:
increased ZEB1 and ZEB2 and decreased miR200a and
miR200c expression. These findings suggest that PD-L1
overexpression may be related to tumor cell evasion of the
immune response during epithelial-to-mesenchymal transi-
tion. Expression of the immune checkpoint ligand PD-L1
has been demonstrated to activate the epithelial-to-
mesenchymal transition program in model breast carci-
noma tumor cells [36, 37]. In colon cancer, PD-L1
expression in tumor buds has been studied in a few cases,
with similar results [38].

The main limitations of our study are its retrospective
and exploratory design, which aimed to generate hypoth-
eses, rather than confirm them. Based on these results, the
invasive front of colon cancer seems to significantly con-
tribute to the molecular tumor phenotype probably because
of the presence of tumor buds in this area. Therefore,
sample area selection is important to properly reflect intra-
tumor heterogeneity, and the inclusion of the invasive edge
in samples for molecular phenotyping and detection of
biomarkers appears to be crucial. Both a decrease in
miR200c expression and higher concentrations of tumor
buds at the invasive front of colon cancer are negative
survival factors in stage I to III patients and are predictors of
relapse in stage II patients. Thus, inclusion of the invasive
front and the tumor budding areas in the samples used for
molecular studies (especially in the identification of the
CMS4 molecular subtype) is imperative for two reasons:
first, the expression profile of these areas, rather than in the
tumor center, is consistent with epithelial-to-mesenchymal
transition, and second, the expression of miR200 at the

invasive front, but not in the tumor center, significantly
influences the patient survival probability. Finally, PD-L1 is
overexpressed in the tumor areas with an epithelial-to-
mesenchymal transition expression profile: the invasive
front and tumor budding cells.
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