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Background: The aim of this study was to reveal the clinicopathological and molecular characteristics of microsatellite instability-
high (MSI-H) colorectal cancers (CRCs) showing programmed death ligand-1 (PD-L1) positivity, which are good candidates for anti-
PD-1/PD-L1 immunotherapy.

Methods: The PD-L1 expression status of 208 MSI-H CRCs was retrospectively analysed using immunohistochemistry. PD-L1
positivity in tumour cells (PD-L1þ (T)) and PD-L1 positivity in immune cells (PD-L1þ (I)) were separately evaluated.

Results: Programmed death ligand-1 positivity in tumour cells and PD-L1þ (I) were observed in 26 (12.5%) and 62 (29.8%)
MSI-H CRCs, respectively, and occasionally overlapped (n¼ 12; 5.8%). Programmed death ligand-1 positivity tumours in MSI-H
CRCs were significantly associated with older age, female sex, non-mucinous-type poor differentiation, infiltrating growth, tumour
budding, advanced stage, CpG island methylator phenotype-high, MLH1 promoter methylation, and BRAF V600E mutations.
However, PD-L1þ (I) MSI-H CRCs were characterised by high-density tumour-infiltrating immune cells, including T cells and
macrophages, and intense peritumoural lymphoid reactions. In patients with stage IV MSI-H CRCs who had undergone
metastatectomy (n¼ 4), the PD-L1 status of primary tumours was maintained in corresponding distant metastatic lesions.

Conclusions: In MSI-H CRCs, PD-L1þ (T) and PD-L1þ (I) are linked to a sporadic hypermethylated subtype and an immune cell-
rich subtype, respectively. Potential differential therapeutic implications of PD-L1þ (T) and PD-L1þ (I) in CRCs should be further
investigated.

Immunotherapy using immune checkpoint inhibitors is a rapidly
growing modality for the treatment of human cancers. The
programmed death-1 (PD-1) receptor and its ligand, programmed
death ligand-1 (PD-L1), have been tested as representative major
immune checkpoint targets for immunotherapy in various
malignancies (Homet Moreno and Ribas, 2015). In the tumour
immune microenvironment, the PD-1/PD-L1 signalling axis may
induce immune inhibitory/exhaustion signalling to activated T
cells, and thus the antitumour immune response is significantly
impaired. To reverse this unfavourable condition, several blockades
of the PD-1/PD-L1 pathway have been developed and are being
tested. Theoretically, PD-1/PD-L1 blockades can recover the native
antitumour function of T cells and can facilitate tumour regression

by derepressed antitumour immunity. In recent years, based on
relatively superior efficacy and safety, immune checkpoint
inhibitors have been taking centre stage as promising cancer
therapeutics in clinical settings.

Immunotherapy with antibodies against PD-1 or PD-L1 has
been revealed to be effective in different tumour types, especially
malignant melanomas, non-small-cell lung cancers, renal cell
carcinomas, and bladder cancers (Brahmer et al, 2012; Topalian
et al, 2012; Homet Moreno and Ribas, 2015). However, in colorectal
cancers (CRCs), it has been demonstrated that a substantial
number of tumours are unresponsive to anti-PD-1/PD-L1 therapy
(Brahmer et al, 2012; Topalian et al, 2012). Importantly, Llosa et al
(2015) have discovered that a subset of CRCs, mainly microsatellite
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instability-high (MSI-H) CRCs, are closely associated with high
expression of PD-1/PD-L1. Because previous investigations have
suggested that high PD-L1 expression is associated with good
responsiveness to anti-PD-1/PD-L1 therapy in cancers (Herbst
et al, 2014; Taube et al, 2014), the MSI-H phenotype has been
expected to be a potential candidate for anti-PD-1/PD-L1 therapy
among CRCs (Xiao and Freeman, 2015). Moreover, a growing
body of evidence suggests that not only PD-L1 expression but also
tumour-infiltrating T cells may be important for responding
well to anti-PD-1/PD-L1 therapy in cancers (Teng et al, 2015).
Because MSI-H CRCs have been known to be associated with
high-density tumour-infiltrating lymphocytes and frequent peri-
tumoural lymphoid reactions, there is also a good chance that these
tumours are good candidates for anti-PD-1/PD-L1 therapy. As
expected, a recent phase 2 clinical trial has confirmed that PD-1
blockade can be beneficial in CRCs carrying DNA mismatch repair
(MMR) deficiency, a causative molecular alteration of MSI-H
(Le et al, 2015).

Although emerging evidence indicates that MSI-H CRCs will be
good responders to anti-PD-1/PD-L1 immunotherapy (Lote et al,
2015; Dudley et al, 2016), high PD-L1 expression is found in a
subset of MSI-H CRCs, but not in all MSI-H CRCs; therefore,
responses to PD-1/PD-L1 blockades may be unequal among
MSI-H CRCs. Therefore, it will be important to understand in detail
which clinicopathological and molecular features characterise the
subgroup of MSI-H CRCs showing PD-L1-positivity, indicating
potential good responders to PD-1/PD-L1 blockades. In our study,
we immunohistochemically evaluated PD-L1 expression status and
statistically analysed its associations with various clinical, pathological
and molecular parameters in a large series of MSI-H CRCs.

MATERIALS AND METHODS

Collection of MSI-H CRCs. A total of 208 MSI-H CRC cases were
included in this study, all of which had been collected from our
previous studies (Kim et al, 2015b, c). Formalin-fixed, paraffin-
embedded (FFPE) tissues of the 208 MSI-H CRCs (208 primary
tumour tissues and 4 distant metastatic tumour tissues) were
retrieved from the pathology archives of the Seoul National
University Hospital (Seoul, Korea) and the Seoul National
University Bundang Hospital (Seongnam, Korea). All of the
tumours had been surgically resected in our hospitals between
2004 and 2008 and were determined to be MSI-H tumours by our
molecular pathology laboratory. DNA extraction from paired
normal and tumour tissues of the 208 MSI-H CRCs and
subsequent MSI analysis using fluorescent multiplex PCR with
five NCI recommended markers (BAT-25, BAT-26, D5S346,
D17S250, and D2S123) were performed as previously described
(Kim et al, 2015b). All of the 208 MSI-H CRCs were also
confirmed to be DNA MMR-deficient by immunostaining for
MMR proteins (MLH1/MSH2/MSH6/PMS2). In our study, the 208
MSI-H CRCs were classified into sporadic or suspected hereditary
cases based on molecular profiles. Sporadic MSI-H CRCs were
defined as having at least one of the following three molecular
features: CpG island methylator phenotype-high (CIMP-H),
promoter methylation of the MLH1 gene, or BRAF V600E
mutation. Cases that did not fulfil the above criteria were
determined to be suspected Lynch syndrome (LS)-associated
MSI-H CRCs. This study was approved by the institutional review
board (SNUH IRB H-1203-072-402).

Clinical and histopathological data. Clinical data of the 208
MSI-H CRCs were retrospectively collected by medical record
review (Kim et al, 2015b, c). The data included age, gender, tumour
location, tumour multiplicity, gross tumour type, American Joint
Committee on Cancer/Union for International Cancer Control

(AJCC/UICC) TNM stage, and disease-free survival. Evaluation of
the histopathological features of the 208 MSI-H CRCs was
conducted as previously described (Kim et al, 2015b, c). The
histological parameters assessed were depth of invasion
(pT category), lymph node metastasis (pN category), tumour
differentiation (WHO tumour grade), invasive growth pattern,
mucinous histology, signet ring cell histology, medullary histology,
serrated histology, lymphovascular invasion, perineural invasion,
tumour budding, peritumoural lymphoid reaction, and Crohn-like
lymphoid reaction. Detailed criteria for some of the histological
parameters, including tumour differentiation, mucinous histology,
signet ring cell histology, medullary histology, serrated histology,
tumour budding, peritumoural lymphoid reaction, and Crohn-like
lymphoid reaction, were based on our previous investigation (Kim
et al, 2015a). Invasive growth pattern was evaluated according to
the Jass’s original criteria (Jass et al, 1996).

Immunohistochemistry. For high-throughput immunohisto-
chemical analysis, tissue microarray (TMA) was constructed using
FFPE tissues of 208 MSI-H CRCs as previously described (Kim
et al, 2015b). Three TMA cores (2 mm in diameter) were extracted
from three different areas of a representative tumour block of each
case. Immunohistochemistry (IHC) was performed on TMA
sections using antibodies against PD-L1 (E1L3N; 1:50; Cell
Signaling Technology, Danvers, MA, USA), CD3 (Leica Biosys-
tems, Novocastra, Newcastle-upon-Tyne, UK), CD68 (Leica
Biosystems, Novocastra), MLH1 (Dako, Carpinteria, CA, USA),
MSH2 (Invitrogen, Camarillo, CA, USA), MSH6 (Ventana Medical
Systems, Tucson, AZ, USA), and PMS2 (Ventana Medical
Systems). All IHC staining procedures were conducted using
automated immunostainers (Ventana BenchMark XT for PD-L1,
MLH1, MSH2, MSH6, and PMS2; Dako Omnis for CD3 and
CD68) according to the manufacturers’ protocols. Microscopic
interpretation of each IHC marker was performed with the
following criteria: (1) PD-L1 was determined to be positive in
tumour cells (PD-L1þ (T)) when moderate (2þ ) or strong (3þ )
intensity of the membranous-to-cytoplasmic staining pattern of
PD-L1 was shown in more than 5% of the tumour cells, and PD-L1
was determined to be positive in immune cells (PD-L1þ (I)) when
moderate (2þ ) or strong (3þ ) intensity of the membranous-to-
cytoplasmic staining pattern of PD-L1 was shown in more than 5%
of immune cells. Cell percentage criteria were based on the total
area of the three TMA cores of each case. (2) Numbers of
CD3-positive cells (CD3þ cells, indicating tumour-infiltrating
T lymphocytes) and CD68-positive cells (CD68þ cells, indicating
tumour-infiltrating macrophages) per high power field were
manually counted under � 400 magnification in the most intense
area of a TMA core. The average of the densities of CD3þ cells or
CD68þ cells counted from the three TMA cores of each case was
regarded as the final density of CD3þ cells or CD68þ cells of the
case. (3) DNA MMR proteins (MLH1, MSH2, MSH6, and PMS2)
were determined to be positive in a case when nuclear staining in
the tumour cells of the case was observed. Loss of expression
(negative) of MMR proteins was determined when nuclear staining
in the tumour cells was not observed. Among the 208 MSI-H
CRCs, 2 and 11 cases were excluded from the CD3 and CD68
analyses, respectively, owing to the suboptimal quality of the TMA
core sections.

DNA analysis. Major molecular parameters of CRC, including the
CpG island methylator phenotype (CIMP) and mutations of the
KRAS (codons 12 and 13) and BRAF (codon 600) genes, were
analysed using DNA samples isolated from the 208 primary MSI-H
CRC tissues as previously described (Kim et al, 2015b). CpG island
methylator phenotype was determined using eight CIMP markers
(MLH1, NEUROG1, CRABP1, CACNA1G, CDKN2A, IGF2, SOCS1,
and RUNX3), and the promoter CpG island methylation of each
marker gene was quantitatively measured by real-time PCR
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(MethyLight assay). CIMP status in each tumour was classified into
one of the three phenotypes, including CIMP-high (CIMP-H),
CIMP-low (CIMP-L), and CIMP-negative (CIMP-0). KRAS/BRAF
mutations were analysed by allele-specific PCR and Sanger
sequencing. Among the 208 MSI-H CRCs, 7 cases were excluded
from KRAS mutation analysis, owing to an insufficient amount or
poor quality of the isolated DNA.

Statistical analysis. All statistical analyses were performed using
IBM SPSS statistics version 20 (IBM, Armonk, NY, USA). The
w2-test or Fisher’s exact test was used for the comparison of
categorical variables. To compare the differences in disease-free
survival between PD-L1-positive and PD-L1-negative subgroups,
survival analysis was performed using the Kaplan–Meier method
with the log-rank test. All P-values were two-sided, and Po0.05
was considered to be statistically significant.

RESULTS

PD-L1 expression status in MSI-H CRCs. Immunohistochemical
expression of PD-L1 was observed in tumour cells and/or immune
cells in subsets of MSI-H CRCs. PD-L1-positivity in tumour cells
(PD-L1þ (T); 2þ or 3þ intensity in 45% of tumour cells) was
detected in 26 of 208 MSI-H CRCs (12.5%), and PD-L1-positivity
in immune cells (PD-L1þ (I); 2þ or 3þ intensity in45% of
immune cells) was detected in 62 of 208 MSI-H CRCs (29.8%).
MSI-H CRCs exhibiting both PD-L1þ (T) and PD-L1þ (I) rarely
existed (12 cases; 5.8%).

Characteristics of a PD-L1þ (T) subset of MSI-H CRCs. Compared
with tumoural PD-L1-negative (PD-L1� (T)) MSI-H CRCs,
PD-L1þ (T) MSI-H CRCs were characterised by distinct clinico-
pathological and molecular features (Table 1). Clinicopathologically,
PD-L1þ (T) tumours in MSI-H CRCs significantly correlated with
older age of onset (73%), female sex (73%), infiltrating growth
pattern (58%), advanced AJCC/UICC stage (stage III/IV; 54%),
lymphovascular invasion (46%), high-density tumour-infiltrating
T cells (81%), high-density tumour-infiltrating macrophages
(71%), poor differentiation (65%), tumour budding-positivity
(46%), and a lack of mucinous histology (65%). However, other
histological features such as signet ring cell histology and
medullary histology were not associated with tumoural PD-L1
expression status (Supplementary Table S1). In addition, PD-
L1þ (T) tumours in MSI-H CRCs were molecularly associated with
loss of expression of MLH1/PMS2 (both 92%), CIMP-H status
(58%), MLH1 methylation (65%), and BRAF V600E mutation (23%).
Collectively, PD-L1þ (T) was significantly correlated with mole-
cularly defined sporadic MSI-H CRCs (69%). In the Kaplan–Meier
survival analysis, the PD-L1þ (T) subgroup showed a tendency
towards worse prognosis than the PD-L1� (T) subgroup of MSI-H
CRCs, but statistical significance was not observed (log-rank
P¼ 0.114; Supplementary Figure S1A). Representative images of
PD-L1þ (T) and matched non-mucinous-type poorly differentiated
histology in an MSI-H CRC are presented in Figure 1A and B.

Characteristics of a PD-L1þ (I) subset of MSI-H CRCs. Differential
features between PD-L1þ (I) and PD-L1� (I) MSI-H CRCs
are summarised in Table 2. Programmed death ligand-1 positivity
in immune cells MSI-H CRCs were significantly correlated with
early stage (stage I/II; 81%), moderate to marked peritumoural
lymphoid reaction (77%), high-density tumour-infiltrating T cells
(77%), high-density tumour-infiltrating macrophages (70%), and a
lack of mucinous histology (55%). However, PD-L1þ (I) was
not associated with CIMP status or hereditary/sporadic type
(Supplementary Table S2). In the Kaplan–Meier survival analysis,
the PD-L1þ (I) subgroup showed a tendency towards better
prognosis than the PD-L1� (I) subgroup of MSI-H CRCs, but

statistical significance was not reached (log-rank P¼ 0.142;
Supplementary Figure S1B). Representative images of PD-L1þ (I)
and matched intense peritumoural lymphoid reaction in an MSI-H
CRC are presented in Figure 1C and D.

Comparison of PD-L1 expression between primary and metastatic
MSI-H CRCs. Among stage IV MSI-H CRCs (n¼ 18), four cases
had received surgical resection of distant metastatic lesions. PD-L1
expression status was compared between primary tumour tissues
and corresponding distant metastatic tumour tissues of these
four stage IV MSI-H CRCs. In one of these four cases, the primary
tumour showed PD-L1þ (T)/PD-L1þ (I), but the other three
cases were completely negative for PD-L1 expression (PD-
L1� (T)/PD-L1� (I)) in their primary tumours. As expected,
positive expression of PD-L1 in tumour cells and immune cells was
observed in the corresponding distant metastatic lesion of the
primary PD-L1þ (T)/PD-L1þ (I) MSI-H CRC (Figures 1E and F),
whereas PD-L1-negativity was maintained in the corresponding
distant metastatic lesions of the primary PD-L1� (T)/PD-L1� (I)
MSI-H CRCs.

DISCUSSION

Recent evidence has revealed that MSI-H CRCs can be potential
good responders to anti-PD-1/PD-L1 immunotherapy (Le et al,
2015; Llosa et al, 2015; Lote et al, 2015; Dudley et al, 2016).
However, to date, there is a lack of data regarding the detailed
profile of PD-L1 expression and its clinicopathological and
molecular implications in CRCs. To the best of our knowledge,
our present study is the first report to identify underlying
differential characteristics of PD-L1 expression between tumour
cells and immune cells in MSI-H CRCs. Our study provides in-
depth data concerning clinical, pathological, and molecular
associations of PD-L1þ (T) and PD-L1þ (I) in MSI-H CRCs,
which may be helpful for guiding future directions of basic studies
and clinical applications of anti-PD-1/PD-L1 immunotherapy in
CRC. Several key points from the results of this study are as
follows:

In terms of histopathological features, PD-L1þ (T) was
significantly associated with poor differentiation (tumour grade 3),
decreased extracellular mucin component, infiltrating growth pattern,
tumour budding positivity, increased lymphovascular invasion, and
advanced stage in MSI-H CRCs (Table 1). These findings indicate
that PD-L1 expression in tumour cells is closely linked to aggressive
histological features in CRC. Interestingly, a recent communication
by Prall et al. has suggested that tumour budding is associated with
PD-L1 expression in CRCs (Prall and Huhns, 2015). In addition, a
recent article by Zhu et al (2015) has also reported that high PD-L1
expression in tumour cells is significantly associated with nodal and
distant metastases and poor prognosis in serrated CRCs. In our
study, the PD-L1þ (T) group demonstrated a tendency towards
worse disease-free survival than the PD-L1� (T) group of MSI-H
CRCs (Supplementary Figure S1A). The poor prognostic impact of
PD-L1þ (T) in MSI-H CRCs may be a reflection of aggressive
pathological features of PD-L1þ (T) tumours.

Several mechanisms of PD-L1 upregulation in tumour cells have
been suggested. Representative regulatory factors of PD-L1
expression in tumour cells include the MAPK signalling pathway,
the PI3K/Akt signalling pathway, and transcription factors such as
HIF-1, STAT3, and NF-kB (Chen et al, 2016). In general, PD-L1
can be expressed on activated inflammatory cells and on epithelial
cells and is upregulated by the proinflammatory cytokine
interferon (IFN)-g, which is produced by activated T cells
(Topalian et al, 2015). The intense infiltration of active cytotoxic
T cells and activated Th1 cells in the tumour immune microenvir-
onment of MSI-H CRCs (Llosa et al, 2015; Xiao and Freeman, 2015)
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could explain the frequent PD-L1 upregulation in these MSI-H
CRCs, which may occur due to high IFN-g production by such
abundant tumour-infiltrating T cells. More fundamentally, MSI-H
CRCs generally harbour higher tumour-specific neoantigen loads
than do microsatellite-stable/MSI-low CRCs, because MSI-H status
essentially induces frequent genome-wide microsatellite mutations
in tumours. High neoantigen loads in MSI-H CRCs can induce
active antitumour immune responses including intense infiltration

of active cytotoxic T cells and activated Th1 cells. According to a
previous study by Howitt et al (2015), both PD-L1 expression and
neoantigen load are significantly increased in MSI-H endometrial
cancers. Therefore, it might have been expected that most MSI-H
CRCs might express high PD-L1; however, we found that only
subsets of MSI-H CRCs were PD-L1þ (T) and/or PD-L1þ (I).
Thus, a high neoantigen load or a high infiltration of activated T
cells cannot solely explain the PD-L1 upregulation observed in

Table 1. Clinicopathological and molecular characteristics of PD-L1þ (T) versus PD-L1� (T) subgroups of MSI-H CRCs (n¼208)

Variables No. of cases PD-L1þ (T) (n¼26) PD-L1� (T) (n¼182) P-value

Age
Younger (o58 years) 98 (47%) 7 (27%) 91 (50%) 0.027
Older (X58 years) 110 (53%) 19 (73%) 91 (50%)

Gender
Male 109 (52%) 7 (27%) 102 (56%) 0.005
Female 99 (48%) 19 (73%) 80 (44%)

Invasive growth pattern
Expanding 153 (74%) 11 (42%) 142 (78%) o0.001
Infiltrating 55 (26%) 15 (58%) 40 (22%)

AJCC/UICC cancer stage
Stage I/II 136 (65%) 12 (46%) 124 (68%) 0.028
Stage III/IV 72 (35%) 14 (54%) 58 (32%)

Lymphovascular invasion
Absent 154 (74%) 14 (54%) 140 (77%) 0.012
Present 54 (26%) 12 (46%) 42 (23%)

Tumour-infiltrating T cell density
Low (CD3þ cells/HPF o50) 107 (52%) 5 (19%) 102 (57%) o0.001
High (CD3þ cells/HPF X50) 99 (48%) 21 (81%) 78 (43%)

Tumour-infiltrating macrophage density
Low (CD68þ cells/HPF o45) 102 (52%) 7 (29%) 95 (55%) 0.018
High (CD68þ cells/HPF X45) 95 (48%) 17 (71%) 78 (45%)

Tumour grade (differentiation)
G1/G2 (WD/MD) 165 (79%) 9 (35%) 156 (86%) o0.001
G3 (PD) 43 (21%) 17 (65%) 26 (14%)

Tumour budding
Negative (o5 buds) 166 (80%) 14 (54%) 152 (84%) o0.001
Positive (X5 buds) 42 (20%) 12 (46%) 30 (16%)

Mucinous component
Absent 89 (43%) 17 (65%) 72 (40%) 0.013
Present 119 (57%) 9 (35%) 110 (60%)

MLH1 expression
Negative (deficient) 131 (63%) 24 (92%) 107 (59%) 0.001
Positive (proficient) 77 (37%) 2 (8%) 75 (41%)

PMS2 expression
Negative (deficient) 138 (66%) 24 (92%) 114 (63%) 0.003
Positive (proficient) 70 (34%) 2 (8%) 68 (37%)

CIMP
CIMP-L/0 156 (75%) 11 (42%) 145 (80%) o0.001
CIMP-H 52 (25%) 15 (58%) 37 (20%)

MLH1 methylation
Unmethylated 148 (71%) 9 (35%) 139 (76%) o0.001
Methylated 60 (29%) 17 (65%) 43 (24%)

BRAF mutation
Wild type 185 (89%) 20 (77%) 165 (91%) 0.048
Mutant 23 (11%) 6 (23%) 17 (9%)

Hereditary vs sporadic type
Suspected LS assoicated 134 (64%) 8 (31%) 126 (69%) o0.001
Sporadic 74 (36%) 18 (69%) 56 (31%)
Abbreviations: AJCC¼American Joint Committee on Cancer; CIMP¼CpG island methylator phenotype; CIMP-0¼CIMP-negative; CIMP-L¼CIMP-low; CIMP-H¼CIMP-high;
CRCs¼ colorectal cancers; HPF¼ high power field; MD¼moderately differentiated; LS¼ Lynch syndrome; PD¼poorly differentiated; PD-L1þ (T)¼PD-L1-positive in tumour cells;
PD-L1� (T)¼PD-L1-negative in tumour cells; MSI-H¼microsatellite instability-high; UICC¼ International Union for Cancer Control; WD¼well differentiated.

PD-L1-positive colorectal cancer BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2016.211 493

http://www.bjcancer.com


MSI-H CRC subsets. Importantly, in our study results, a
substantial number of PD-L1þ (T) tumours were CIMP-H/MSI-
H CRCs (Table 1). Although a significant difference in neoantigen
loads between CIMP-H/MSI-H CRCs and CIMP-L/0/MSI-H CRCs
has not been proven, production of critical neoantigen loads for
PD-L1 upregulation may be facilitated by yet-unknown epigenetic
mechanisms in CIMP-H/MSI-H CRCs rather than in CIMP-L/0
MSI-H CRCs. Potential mechanisms and clinicopathological and
therapeutic implications of PD-L1 expression in MSI-H CRCs are
further discussed below.

The underlying mechanism of PD-L1 upregulation in CIMP-H/
MSI-H CRC cells with aggressive histology, especially in those with
poor differentiation, infiltrating growth, and tumour budding, is
unclear. However, several previous studies investigating PD-L1 in

other malignancies such as non-small-cell lung cancer, renal cell
carcinoma, and breast cancer have provided important clues that
increased epithelial–mesenchymal transition (EMT) features may
be associated with PD-L1 expression in tumour cells (Chen et al,
2014; Alsuliman et al, 2015; Wang et al, 2015). Because poor
differentiation, infiltrating growth, and tumour budding are
regarded to be partially based on EMT, the observed significant
correlation between upregulated PD-L1 expression and poor
differentiation/infiltrating growth/tumour budding in CRC may
be a plausible finding.

Another potential mechanism of high PD-L1 expression in
CIMP-H/MSI-H CRCs is activation of the MAPK signalling
pathway. According to accumulating evidence, MAPK pathway
activation by the BRAF V600E mutation drives PD-L1 expression

A B

C D

E F

Figure 1. Immunohistochemical expression of PD-L1 and its associated histological features in MSI-H CRC. (A and B) Representative
photomicrographs of PD-L1þ (T) (A; IHC, �200) and its matched non-mucinous-type poorly differentiated histology (B; H&E, � 200) in an MSI-H
CRC. (C and D) Representative photomicrographs of PD-L1þ (I) (C; IHC, �200) and its matched peritumoural lymphoid reaction (D; H&E, � 100)
in an MSI-H CRC. (E and F) Representative photomicrographs of PD-L1þ (T)/PD-L1þ (I) in a primary tumour (E; IHC, � 200) and a corresponding
metastatic lesion (F; IHC, �200) in a stage IV MSI-H CRC.
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in melanoma (Chen et al, 2016). Because it is well known that
CIMP-H is tightly associated with BRAF mutation in CRCs, it can
be hypothesised that the observed association between PD-
L1þ (T) and CIMP-H in MSI-H CRCs may be based on the
relationship between PD-L1 expression and BRAF mutation.
However, in our results, although there was a significant
association between PD-L1þ (T) and BRAF mutation, BRAF
mutation was found in only 23% of PD-L1þ (T) MSI-H CRCs
(Table 1). This finding indicates that PD-L1þ (T) in MSI-H CRCs
cannot be regulated solely by BRAF mutation. Genetic or
epigenetic regulatory mechanisms of tumoural PD-L1 expression
in CRCs should be further investigated.

The observed significant associations of PD-L1þ (T) with older
age, female gender, poor differentiation, CIMP-H, MLH1 methyla-
tion, and BRAF mutation collectively indicate that PD-L1
expression in tumour cells is specifically enriched in a sporadic
hypermethylated subtype among MSI-H CRCs. To the best of our
knowledge, any in vitro or in vivo evidence showing an association
between tumoural PD-L1 expression and DNA methylation in
CRCs has not been reported. Our novel finding has important
therapeutic implications. Emerging evidence has revealed that
epigenetic therapy, particularly DNA demethylating agent therapy,
has a potential to be synergistically combined with immunother-
apy, especially immune checkpoint blockade therapy, to efficiently
treat cancers (Chiappinelli et al, 2016). This concept is based on
experimental findings that DNA methyltransferase inhibitors can
demethylate endogenous retroviruses and cancer testis antigens
and may induce T-cell attraction, ultimately increasing immune
checkpoint inhibitor efficacy (Chiappinelli et al, 2016). Therefore,
sporadic MSI-H CRCs may be good candidates for this combina-
tion therapy, as these tumours are associated with both DNA
hypermethylation and high PD-L1 expression. Future clinical
studies of combined epigenetic and immunotherapy as a novel
treatment strategy in sporadic MSI-H CRCs are warranted.

In terms of tumour immune microenvironment, we found that
PD-L1þ (I) MSI-H CRCs were significantly associated with high
infiltration of T cells and macrophages. This finding corresponded
to the previous results by Llosa et al (2015), in which MSI-H CRCs
were characterised by both high PD-L1 expression in immune
cells, especially in myeloid cells, and dense tumour-infiltrating
lymphocytes. Because it has been suggested that a high density of
tumour-infiltrating lymphocytes and peritumoural lymphoid
reactions are closely associated with favourable prognoses in CRCs
(Mei et al, 2014), the observation that PD-L1þ (I) tumours were

associated with early stage (Table 2) and showed a tendency
towards better survival than PD-L1� (I) tumours in MSI-H CRCs
seems reasonable (Supplementary Figure S1B). Xiao and Freeman
(2015) have previously suggested hypotheses regarding potential
causes of upregulation of PD-L1 expression in tumour-infiltrating
immune cells of MSI-H CRCs, including high neoantigen load
and the abundance of intratumoural gut microbiota such as
Fusobacterium nucleatum in MSI-H CRCs. Future studies should
focus on the identification of differential regulatory mechanisms
and therapeutic responses of PD-L1þ (T) and PD-L1þ (I) in
MSI-H CRCs.

Finally, according to our study, PD-L1 expression status was
concordant between primary tumours and corresponding distant
metastatic tumours in stage IV MSI-H CRCs (Figure 1E and F).
However, the number of tested cases was very small (n¼ 4),
and, moreover, only one PD-L1þ case was included. Therefore,
the ability of our results to be generalised is limited, and
more extended studies comparing PD-L1 expression status
between primary and metastatic lesions of CRCs are needed.
For reference, although there is also little evidence in other
malignancies, discordance of PD-L1 expression between primary
and metastatic tumours has been observed in subsets of renal cell
carcinomas, bladder cancers, and breast cancers (Callea et al,
2015; Cimino-Mathews et al, 2016; Mukherji et al, 2016).

In conclusion, PD-L1þ (T) MSI-H CRCs are mainly composed
of sporadic poorly differentiated CIMP-H tumours, whereas
PD-L1þ (I) MSI-H CRCs are characterised by dense intra-
tumoural and peritumoural infiltration of immune cells. Although
our study provides novel insights into the pathological and
molecular bases of PD-L1 expression in CRCs, important questions
remain concerning which genetic or epigenetic alterations could
critically affect PD-L1 expression in CRCs and whether there
would be a difference in response to anti-PD-1/PD-L1 therapy
between PD-L1þ (T) and PD-L1þ (I) subsets of MSI-H CRCs.
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