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Abstract

Objective—Evidence suggests that CD274 (PD-L1, B7-H1) immune checkpoint ligand repress
anti-tumour immunity through its interaction with the PDCD1 (programmed cell death 1, PD-1)
receptor of T lymphocytes in various tumours. We hypothesised that tumour CD274 expression
levels might be inversely associated with T-cell densities in colorectal carcinoma tissue.

Design—We evaluated tumour CD274 expression by immunohistochemistry in 823 rectal and
colon cancer cases within the Nurses’ Health Study and Health Professionals Follow-up Study. We
conducted multivariable ordinal logistic regression analyses to examine the association of tumour
CD274 expression with CD3*, CD8*, CD45R0 (PTPRC)*, or FOXP3*-cell density in tumour
tissue, controlling for potential confounders including tumour status of microsatellite instability
(MSI), CpG island methylator phenotype, LINE-1 methylation level, and KRAS, BRAF, and
PIK3CA mutations.

Results—CD274 expression in tumour cells or stromal cells (including immune cells) was
detected in 731 (89%) or 44 (5%) cases, respectively. Tumour CD274 expression level correlated
inversely with FOXP3*-cell density in colorectal cancer tissue (outcome) (Pireng=0.0002). For a
unit increase in outcome quartile categories, multivariable odds ratio in the highest (vs. lowest)
CD274 expression score was 0.22 (95% confidence interval 0.10-0.47). Tumour CD274
expression was inversely associated with MSI-high status (P=0.001). CD274 expression was not
significantly associated with CD3*, CD8*, or CD45RO™*-cell density, pathological lymphocytic
reactions, or patient survival prognosis.

Conclusions—Tumour CD274 expression is inversely associated with FOXP3* cell density in
colorectal cancer tissue, suggesting a possible influence of CD274-expressing carcinoma cells on
regulatory T (Treg) cells in the tumour microenvironment.

Keywords
adenocarcinoma; colorectum; immunoprevention; immunotherapy; molecular pathology
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INTRODUCTION

Immunotherapy has emerged as a promising strategy to treat various types of cancers.!
Accumulating evidence indicates that the immune checkpoint mechanism play an important
role in suppressing anti-tumour T-cell-mediated immune response in the tumour
microenvironment.! Studies have shown that therapeutic antibodies targeting the PDCD1
(programmed cell death 1, PD-1) protein and the CD274 (PDCD1 ligand 1, PD-L1, B7-H1)
protein are effective in a number of cancer types.1=3 Emerging evidence also suggests
complex roles of tumour molecular alterations and tumour-host interactions that influence
response to these T-cell-based immunotherapies.4-®

Colorectal carcinogenesis is not only driven by sequential genetic and epigenetic alterations
of tumour cells but also influenced by tumour-host interactions.’”~14 A strong histological
lymphocytic reaction, high density of CD3* T cells, and high densities of T-cell
subpopulations (CD8* cells, CD45RO [PTPRC]* cells, and FOXP3* cells) in colorectal
cancer tissue have been generally associated with favourable clinical outcome, supporting a
major role of T-cell-mediated immunity in repressing tumour progression.14-19 Studies have
shown that the abundance of tumour-infiltrating T cells is associated with specific molecular
features of colorectal carcinoma, including high-level microsatellite instability (MSI-
high).413-1520 However, little is known on the complex interrelationship among tumour
CD274 expression, tumour-infiltrating T cells, and major tumour molecular features. In the
colorectal cancer microenvironment, CD274-expressing tumour cells may inhibit anti-
tumour activity of T cells. Hence, we hypothesised that tumour CD274 expression levels
might be inversely associated with T-cell densities in colorectal cancer tissue. Because any
in vitro or non-human system cannot perfectly recapitulate the complexity of human tumour
or immune system, analyses of tumour characteristics and immune cells in human cancer
tissue are valuable.

To test our hypothesis, we analysed the two U.S.-nationwide prospective cohort studies, and
examined tumour CD274 expression in relation to histological lymphocytic reaction or to
CD3*, CD8*, CD45R0O*, or FOXP3* cell density in colorectal cancer tissue. Our
comprehensive database including tumour immunity status and relevant clinicopathological
and tumour molecular characteristics enabled us to investigate the independent association
of tumour CD274 expression with T cells in tumour tissue, controlling for potential
confounders.

MATERIALS AND METHODS
Study group

We utilised two independent prospective cohort studies: the Nurses’ Health Study (involving
121,701 women followed since 1976) and the Health Professionals Follow-up Study
(involving 51,529 men followed since 1986).21-23 Every two years, the participants have
been sent follow-up questionnaires to update information on potential disease risk factors,
and to identify newly diagnosed cancers and other diseases in themselves and their first-
degree relatives. The National Death Index was used to ascertain deaths of study participants
and identify unreported lethal colorectal cancer cases. Study physicians reviewed all medical
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records related to colorectal cancer, extracted clinical information including the American
Joint Committee on Cancer (AJCC) TNM stage, the numbers of positive and negative lymph
nodes harvested, and tumour location, and determined cause of death in deceased
individuals. In survival analyses, patients were followed until death or January 2012,
whichever came first. We collected formalin-fixed paraffin-embedded (FFPE) tissue blocks
from hospitals across the U.S. where participants with colorectal cancer had undergone
tumour resection. We included both colon and rectal carcinoma cases, considering the
colorectal continuum model.24 We excluded polyposis syndrome cases, inflammatory bowel
disease-related cancers, and cases that had received preoperative therapy. The study
pathologist (S.0.) blinded to other data performed centralised pathology review, and
recorded features including tumour differentiation, the extents of extracellular mucin, signet
ring cells, and solid tumour areas, tumour growth pattern, and four patterns of histological
lymphocytic reaction (Crohn’s-like lymphoid reaction, peritumoural lymphocytic reaction,
intratumoural periglandular reaction, and tumour-infiltrating lymphocytes [T1L]).2° Tumour
differentiation was categorised as well-moderate (>50% glandular area) or poor (<50%
glandular area). On the basis of the availability of CD274 expression data, a total of 823
colorectal cancer cases diagnosed up to 2008 were included in this study. In addition, 10
cases of colorectal carcinoma were selected from the archival pathology file of the Brigham
and Women’s Hospital, and anonymised, to perform immunohistochemistry for CD274 in
whole tissue sections. Tissue collection and analyses were approved by the human subjects
committee at the Harvard T.H. Chan School of Public Health and the Brigham and Women’s
Hospital.

Immunohistochemistry

We constructed tissue microarray (TMA) from colorectal cancer blocks,25 and conducted
immunohistochemistry (IHC). Immunohistochemical analyses were performed for CD3,
CD8, CD45R0, and FOXP3, as previously described.1> We used an automated scanning
microscope and the Ariol image analysis system (Genetix, San Jose, CA, USA) to measure
CD3*, CD8*, CD45R0O*, and FOXP3™ cell densities in tumour tissue. We evaluated up to
four TMA cores from each tumour, and calculated the average density (cellssmm?) of each
T-cell population.t® Immunohistochemical method for PDCD1 (PD-1) is described in
supplementary material.

For CD274 (PD-L1) IHC, tissue sections were deparaffinised, rehydrated, and heated in a
microwave for 15 minutes in Antigen Retrieval Citra Solution, pH 6 (BioGenex
Laboratories, San Ramon, CA, USA). Sections were incubated with Dual Endogenous
Enzyme Block (Dako, Glostrup, Denmark), then were treated with Protein Block Serum-
Free (Dako). Slides were incubated for 16 hours at 4 °C with a mouse monoclonal anti-
CD274 antibody (Clone MIH1, eBioscience, San Diego, CA, USA,; dilution, 1:50). The
primary antibody was visualised using EnVision+ System-HRP (Dako) for 30 minutes with
diaminobenzidine, and counterstained with hematoxylin. Sections processed with
replacement of primary antibody by Mouse 1gG1 K Isotype Control (Clone P3.6.2.8.1,
eBioscience) were used as a negative control. Immunohistochemical expression for CD274
was interpreted by a pathologist (Y.M.) unaware of other data. Tumour CD274 expression
was evaluated based on immunostaining in the cytoplasm and membrane of tumour cells.
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Cytoplasmic expression level (intensity) was scored as 0 (absent), 1 (weak), 2 (moderate), or
3 (strong), and membrane expression level was scored as 0 (absent) or 1 (present; if distinct
membrane staining above cytoplasmic staining level existed) (figure 1A-E). If staining
difference was observed across multiple TMA tumour cores in each case, intensity of
predominant staining pattern in tumour component was recorded. The overall tumour
CD274 expression score was the sum of the cytoplasmic and membrane scores, ranging
from 0 to 4. We scored CD274 expression of stromal cells including immune cells, based on
the presence or absence of distinct cytoplasmic and/or membrane staining in stromal cells.
Immune cells, including lymphocytes and macrophages, in the lymphoid tissue within
normal colorectal tissue cores served as positive controls (figure 1F). A random sample of
148 tumours was examined by a second pathologist (A.S.). The agreement between the two
observers for the tumour CD274 expression score was good with a weighted x of 0.65 (95%
confidence interval [CI] 0.57-0.73). In addition, to assess intratumoural heterogeneity of
CD274 expression, we performed CD274 immunohistochemistry using whole tissue
sections from the 10 selected colorectal carcinoma cases, and did not observe considerable
intratumoural heterogeneity in any of the cases in terms of tumour CD274 expression
(supplementary figure 1).

Analyses of MSI, DNA methylation, and KRAS, BRAF, and PIK3CA mutations

DNA was extracted from archival colorectal cancer tissue blocks. MSI status was analysed
with the use of 10 microsatellite markers (BAT25, BAT26, BAT40, D2S5123, D5S346,
D17S250, D18S55, D18S56, D18S67, and D18S487), as previously described.2226 We
defined MSI-high as the presence of instability in 230% of the markers, and MSI-low/
microsatellite stability (MSS) as instability in <30% of the markers.2226 Methylation
analyses of long interspersed nucleotide element-1 (LINE-1) and eight promoters specific
for CpG island methylator phenotype (CIMP) (CACNAIG, CDKNZA, CRABPI, IGF2,
MLH1, NEUROGI, RUNX3, and SOCSI) were performed.2227 CIMP-high, CIMP-low, and
CIMP-negative were defined as =6/8, 1/8-5/8, and 0/8 methylated promoters, respectively,
according to the previously-established criteria.?22” PCR reaction and pyrosequencing were
performed for BRAF (codon 600),28 KRAS (codons 12, 13, 61, and 146),28 and PIK3CA
(exons 9 and 20).2229

Analysis of the amount of Fusobacterium nucleatum (F. nucleatum) DNA

We extracted DNA from colorectal carcinoma FFPE tissue sections, and performed a
quantitative PCR assay to measure the amount of tissue £ nucleatum DNA. .30 31 We
categorised colorectal carcinoma cases with detectable £ nucleatum DNA as low or high in
relation to the median cut point amount of £ nucleatum DNA .30 31

Statistical analysis

All statistical analyses were conducted using SAS (version 9.3, SAS Institute, Cary, NC,
USA) and all Pvalues were two-sided. Our primary hypothesis testing was an assessment of
the association of the tumour CD274 expression score (an ordinal predictor variable) with
each of (T) lymphocyte variables as outcome variables (CD3*, CD8*, CD45RO*, and
FOXP3™ cell densities in colorectal cancer tissue, and the four histological lymphocytic
reaction patterns). Because we examined the eight outcome variables, we adjusted two-sided
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a level to 0.006 (=0.05/8) by simple Bonferroni correction. All other analyses, including
evaluation of individual odds ratio (OR) estimates, represented secondary analyses. In those
secondary analyses, in view of multiple comparisons, we interpreted our data cautiously, in
addition to the use of the adjusted a level of 0.006.

We performed multivariable logistic regression analysis to control for potential confounders.
The multivariable model initially included age (continuous), sex, year of diagnosis
(continuous), family history of colorectal cancer in a first-degree relative (present vs.
absent), tumour location (proximal colon vs. distal colon vs. rectum), MSI status (MSI-high
vs. MSI-low/MSS), CIMP status (high vs. low/negative), BRAF mutation (mutant vs. wild-
type), KRAS mutation (mutant vs. wild-type), PIK3CA mutation (mutant vs. wild-type), and
LINE-1 methylation level (continuous). A backward elimination with a threshold of A=0.05
was used to select variables in the final model. For cases with missing information in any of
the categorical variables, we included those cases in the majority category of a given
covariate. We assessed the proportional odds assumption in the ordinal logistic regression
model, which was generally satisfied for the T-cell ordinal outcome variables (~>0.05), but
not for three of the four patterns (peritumoural lymphocytic reaction, intratumoural
periglandular reaction, and tumour-infiltrating lymphocytes) of histological lymphocytic
reaction ordinal variables (£<0.032). Hence, we used the binary histological lymphocytic
reaction variables as outcomes for logistic regression analysis.

To assess associations between tumour CD274 expression level and other categorical
variables (except for the extents of signet ring cells and solid tumour areas, for which
Fisher’s exact test was performed), the chi-square test was performed. To compare mean age
and mean LINE-1 methylation levels, an analysis of variance assuming equal variances was
performed. All of those cross-sectional analyses for clinical, pathological, and molecular
associations were secondary exploratory analyses, with adjusted two-sided a level of 0.002
(=0.05/22) for multiple hypothesis testing.

Deaths from causes other than colorectal cancer were censored in colorectal cancer-specific
mortality analyses. We performed Kaplan-Meier analysis, and log-rank test was used to
compare survival between patient groups. To adjust for confounding, we used Cox
proportional hazards regression models, and calculated hazard ratio for mortality. The
multivariable models initially included disease stage (I/11 vs. 111/I\V/unknown) and the same
set of variables as in multivariable logistic regression analysis. Variables were selected in a
final multivariable model, using backward elimination with a threshold of £=0.05. To limit
the degrees of freedom of the models, with missing information in any of the categorical
covariates (tumour location [0.5%], MSI status [2.9%], CIMP status [8.3%], LINE-1
methylation level [2.8%], BRAF mutation [2.5%], KRAS mutation [2.9%], and PIK3CA
mutation [8.7%]), we included those cases in the majority category of a given covariate. We
confirmed that excluding the cases with missing information in any of the covariates did not
substantially alter results (data not shown). We tested statistical interaction by the Wald test
on the cross-product term of tumour CD274 expression score (ordinal categories ranging
from 0 to 4) and each T-cell density variable (ordinal quartile categories) in a Cox
proportional hazards regression model.
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RESULTS

We examined expression levels of the CD274 (PD-L1) protein in 823 cases of colorectal
carcinoma within the two U.S.-nationwide prospective cohort studies. We scored tumour
CD274 expression levels in cytoplasm (intensity, ranging from 0 to 3) and membrane (absent
[0] or present [1] if distinct membrane staining above cytoplasmic staining level existed)
(figure 1 and supplementary table 1). We used the sum of the cytoplasmic and membrane
scores (ranging from 0 to 4) in each case for further analyses. Among the 823 colorectal
cancer cases, 92 (11%), 234 (28%), 216 (26%), 238 (29%), and 43 (5%) tumours had
tumour CD274 expression score of 0, 1, 2, 3, and 4, respectively.

In 44 (5%) of the 823 colorectal cancer cases, CD274 expression was detectable in stromal
cells including lymphocytes and macrophages in tumour stroma. There was no appreciable
or significant association between the presence of CD274-expressing stromal cells and any
of the clinical, pathological, and tumour molecular features examined (supplementary table
2).

Clinical, pathological, and molecular characteristics according to the tumour CD274
expression score in colorectal cancer are summarised in table 1 (supplementary table 3 with
5 ordinal categories of tumour CD274 expression variable). We observed inverse
associations of tumour CD274 expression with tumour MSI status (£=0.001) and the extent
of extracellular mucin (£<0.0001). The tumour CD274 expression level was not significantly
associated with any of the other characteristics examined (~=0.003; with the adjusted a level
of 0.002 for multiple hypothesis testing) (table 1).

Table 2 shows the distribution of colorectal carcinoma cases according to the tumour CD274
expression score, T-cell densities, and histological lymphocytic reaction patterns. Tumour
CD274 expression score was inversely correlated with FOXP3* cell density (£<0.0001, by
Spearman correlation test) and tumour-infiltrating lymphocytes (TIL) (~£=0.006, by
Spearman correlation test) with the adjusted a level of 0.006. In our primary hypothesis
testing, we conducted logistic regression analyses to assess the associations of the tumour
CD274 expression score (an ordinal predictor variable) with CD3*, CD8*, CD45R0™, or
FOXP3™ cell density (an ordinal quartile outcome variable) in colorectal cancer tissue (table
3, supplementary table 4). Tumour CD274 expression score was inversely associated with
FOXP3™* cell density in both univariable and multivariable analyses (Pyeng<0.0002). For a
unit increase in quartile categories of FOXP3* cell density, the multivariable odds ratio in
the highest tumour CD274 expression score compared to the lowest score was 0.22 (95% ClI
0.10-0.47). The tumour CD274 expression score was not significantly associated with
CD3*, CD8*, or CD45RO™ cell density (all Pyeng=0.007, with adjusted a level of 0.006).
Similar results were observed when we used binary T-cell density variables (supplementary
tables 5 and 6). We also examined the relationship of tumour CD274 expression levels with
histological lymphocytic reaction (a binary outcome variable) (table 4). Although tumour
CD274 expression was inversely associated with tumour-infiltrating lymphocytes (TIL) in
univariable analysis (Pyeng=0.004), the association was not significant in multivariable
analysis (Pyreng=0.049) with the adjusted a level of 0.006. The tumour CD274 expression
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score was not significantly associated with any of the other histological lymphocytic
reaction patterns.

We assessed PDCD1 (PD-1) expression by immunohistochemistry in 793 cases of colorectal
carcinoma, and semiquantitatively scored PDCD1" cell density in tumour tissue. Among the
793 cases, PDCD1* cell density was scored as absent, very low, low, intermediate, and high,
in 230 (29%), 194 (24%), 140 (18%), 102 (13%), and 127 (16%) cases, respectively
(supplementary figure 2). Clinicopathological and molecular characteristics according to
PDCD1* cell density in colorectal cancer are summarised in supplementary table 7.

As exploratory analyses to assess a prognostic role of CD274 expression in colorectal
cancer, we conducted Kaplan-Meier analysis and Cox proportional hazards regression
analysis, and did not observe significant association of tumour CD274 expression score with
colorectal cancer-specific or overall mortality (table 5 and supplementary figure 3). There
was no significant association between CD274 expression in stromal cells and colorectal
cancer mortality (supplementary table 8 and supplementary figure 4). We further examined
whether prognostic associations of T-cell densities in tumour might be modified by tumour
CD274 expression status, and did not observe significant interaction between tumour CD274
expression and T cell (CD3*, CD8*, CD45RO*, or FOXP3™ cell) density (Pinteraction™>0.10)
(supplementary table 9).

DISCUSSION

We conducted this study to test the hypothesis that tumour CD274 (PD-L1) expression levels
might be inversely associated with T-cell densities in colorectal cancer. We found that higher
tumour CD274 expression was independently associated with lower density of FOXP3* cells
in human colorectal carcinoma tissue, after controlling for potential confounders, including
MSI status, CIMP status, and LINE-1 methylation level; these tumour molecular features
have been associated with histological lymphocytic reaction and tumour infiltrating T cells
in colorectal cancer.413-1520 Evidence from our current study suggests a possible role of
CD274 expression of tumour cells in regulating host immunity in colorectal cancer
microenvironment.

Two previous studies have reported that tumour CD274 expression levels are positively
associated with expansion of FOXP3* regulatory T cells in surgically resected colorectal
carcinoma tissue,3233 which is not consistent with our current data. However, these previous
studies were severely limited by their small sample sizes (n=33 and n=56), in contrast to our
much larger sample size.

Colorectal cancers are a heterogeneous group of diseases that result from the accumulation
of differing sets of genomic and epigenomic alterations and influenced by tumour-host
interactions.34-37 The analyses of host immunity against human cancer are increasingly
important in cancer research and clinical practice.383° High densities of CD3*, CD8*, and
CD45R0* cells in colorectal cancer tissue have been associated with better patient
survival,14-19 suggesting the densities of these T cells assessed by immunohistochemistry as
a measure of anti-tumour T-cell-mediated immune response to colorectal tumours.
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High FOXP3* cell density has been generally associated with favourable outcome of
patients with colorectal cancer, although functional roles of FOXP3* regulatory T cells in
various types of cancers remain poorly understood.1417-19 FOXP3™ regulatory T cells, which
have been considered as an immunosuppressive subset of T lymphocytes, are functionally
and phenotypically diverse, with multiple possible origins and various functional profiles.4
An enhanced infiltration of FOXP3* cells has been detected in MSI-high colorectal cancer,
which is a favourable tumour molecular subtype.1® Accumulating evidence indicates that
function of FOXP3* regulatory T cells can be tailoured for differing immune milieu and
contexts, and that their roles for cancer progression (tumour-promoting or tumour-
suppressive roles) appear to depend on tumour site and progression stage, probably
reflecting alterations of the tumour microenvironment.1840 [_adoire et al. have proposed that
the association of FOXP3™ cells in colorectal cancer tissue with better outcome reflects their
capacity of repressing tumour-promoting inflammatory responses to gut microbiota.*? It is
possible that FOXP™ regulatory T cells may have a role in suppressing tumour progression
via regulating tumour-promoting inflammation in the colorectal cancer microenvironment.

We observed CD274 expression in the cytoplasm and membrane of colorectal cancer cells,
as many other investigators reported,3: 32 33, 42-44 yyith the use of anti-CD274 antibody
clone that was referenced and validated in a number of studies for various tumour
types.5-48 However, lack of widely-accepted immunohistochemical method for FFPE tissue
has been a considerable challenge in the assessment of cellular CD274 expression.4>42
CD274 expression on the cell surface membrane is likely important for binding to its
receptor PDCD1 (PD-1). However, membrane expression was considerably masked in cells
with high-level cytoplasmic expression, in contrast to cells with no cytoplasmic expression.
Hence, we used both membrane and cytoplasmic expression levels to calculate the tumour
CD274 expression score. To assess replicability of our immunohistochemical assessments,
we conducted blinded and independent assessment of CD274 expression by the two
pathologists, which yielded reasonably good interobserver agreement (a weighted « of 0.65).
Any random misclassification of tumour CD274 expression score would have driven our
results towards the null hypothesis. However, despite limitations of immunohistochemical
evaluation for CD274 expression, we were able to observe significant inverse association of
tumour CD274 expression with FOXP3* cell density in colorectal cancer tissues.

Our results suggesting a potential inverse association between tumour MSI-high status and
tumour CD274 expression level are intriguing. In contrast, the previous study described that
tumour CD274 expression was detected in 5 of 15 MSI-high colorectal cancers and only 1 of
11 MSS cancers;3 however, statistical power was severely limited. Another report showed
that strong tumour CD274 expression was observed in 433 (36%) of 1197 MSS colorectal
cancers, and in 62 (29%) of 223 MSI-high cancers (P=0.040 by the chi-square test),42
consistent with our findings. Another study reported that MSI-high colorectal cancers
harboured a larger number of CD274-expressing myeloid cells in tumour tissue than MSS
cancers.? In our current study, we did not observe significant association of the presence of
CD274-expressing stromal cells with MSI status in colorectal cancers; however, we found a
limited proportion of cases with detectable CD274-expressing stromal cells (5%). Although
Herbst et al. have underscored the importance of CD274-expressing myeloid cells rather
than CD274-expressing tumour cells in the prediction of response to PDCD1 (PD-1)
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blockade therapy,®0 the relative importance of CD274 expression in stromal cells versus that
in tumour cells remains to be clarified.! Further studies are needed to determine the possible
association of tumour MSI status with immune checkpoint molecules in tumour cells and
stromal cells.

We did not observe significant association of tumour CD274 expression levels with
colorectal cancer mortality. Previous studies*2=45 have reported conflicting results in terms
of the association between tumour CD274 expression and clinical outcome in colorectal
cancer, possibly due to differences in study populations, designs and methods.

We observed significant inverse association of tumour CD274 expression with FOXP3* cell
density but not with CD3*, CD8*, or CD45RO™ cell density, suggesting that influences of
tumour CD274 expression on T-cell densities vary by different T-cell subpopulations.

One limitation of the current study is its cross-sectional design. Hence, we cannot exclude a
possibility of reverse causation. It is possible that effects of T cells on tumour cells might
change tumour CD274 expression levels. However, our specific hypothesis was based on
several lines of experimental evidence indicating that tumour CD274 expression suppresses
T-cell-mediated immune response against tumour.1-8 We recognise the limitations in
evaluating T cells in human colorectal cancer tissue. We evaluated the well-characterised T-
cell markers such as CD3, CD8, CD45R0, and FOXP3 with the use of TMA
immunohistochemistry and computer-assisted image analysis to objectively quantify the
density of T cells in a large number of cases. In addition, we evaluated up to four tissue
cores from each tumour, considering spacial heterogeneity of immune infiltrates. Lack of
data on postoperative treatment was another limitation. However, distributions of
chemotherapy use and its regimen would unlikely substantially differ according to tumour
CD274 expression levels as these data were not available for treatment decision making.
Lastly, we admit the limitation of TMA-based assessment, although we did not observe
considerable intratumoural heterogeneity in terms of tumour CD274 expression in our
validation study using the whole tissue sections. Previous studies suggest that CD274
expression has been prominent (especially in myeloid cells) at the tumour margin of
colorectal cancer tissue.3* Considering spacial tumour heterogeneity, when constructing
TMA blocks, we punched tumour area, including tumour centre and tumour margin, to
select up to four tumour tissue cores from each tumour. Potential misclassification of
tumours in terms of CD274 expression due to intratumoural heterogeneity would be
expected to be distributed nearly at random, and hence would have driven our results
towards the null hypothesis.

Strengths of our current study include the use of our molecular pathological
epidemiology®152 database of a large number of colorectal cancer cases in the two U.S.-
nationwide prospective cohort studies. This population-based colorectal cancer database
enabled us to rigorously examine the association of tumour CD274 expression with
histological lymphocytic reaction or with the density of T cells, controlling for potential
confounders. In addition, our colorectal cancer specimens were derived from a large number
of hospitals in diverse settings across the U.S. (but not based on a limited number of
hospitals), which increase the generalisability of our findings.
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In conclusion, our current study has shown that tumour CD274 expression level is inversely
associated with the density of FOXP3* lymphocytes in colorectal carcinoma tissue. Upon
validation, our human population data suggest an influence of tumour CD274 expression on
regulatory T cells, and can inform further mechanistic studies to elucidate potential
interactive roles of the immune checkpoint pathway and host immunity in colorectal
carcinogenesis.
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Refer to Web version on PubMed Central for supplementary material.
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Significance of this study
What is already known about this subject?

. The immune checkpoint PDCD1 (PD-1) pathway-targeted immunotherapy
has emerged as a promising therapeutic strategy in various tumour types.

. Tumour CD274 (PD-L1) expression appears to suppress T-cell-mediated
immune response against tumour through its interaction with T-cell co-
receptor PDCD1.

. High densities of various types of T cells in colorectal carcinoma tissue are
associated with better clinical outcome.

What are the new findings?

. Tumour CD274 expression level is inversely associated with the density of
FOXP3* lymphocytes in colorectal cancer tissue, independent of potential
confounders including tumour molecular status of microsatellite instability
(MSI), CpG island methylator phenotype (CIMP), LINE-1 methylation level,
and KRAS, BRAF, and PIK3CA mutations.

. Tumour CD274 expression was inversely associated with high-level MSI
status in colorectal cancer.

. Tumour CD274 expression level is not significantly associated with the
density of CD3*, CD8", or CD45RO* cells in colorectal cancer tissue.

How might it impact on clinical practice in the foreseeable future?

. Our human population-based data suggest a possible influence of tumour
CD274 expression on regulatory T cells in the tumour immune
microenvironment. Hence, our current study can likely inform translational
research on the development of immunotherapy strategies against colorectal
cancer.

Gut. Author manuscript; available in PMC 2018 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Masugi et al.

Page 16

Figure 1.
Tumour CD274 expression in colorectal cancer. Tumour CD274 expression was evaluated

based on immunostaining in the cytoplasm and membrane of tumour cells. Cytoplasmic
expression level was scored as 0 (A), 1 (B), 2 (C), or 3 (D), according to cytoplasmic
intensity. (E) Membrane CD274 expression in tumour cells. Membrane expression level was
scored as 0 (absent) or 1 (present; if distinct membrane staining above cytoplasmic staining
level existed). (F) Immune cells, including lymphocytes and macrophages, in the lymphoid
tissue within normal colorectal tissue cores served as positive controls.

Gut. Author manuscript; available in PMC 2018 August 01.



Page 17

Masugi et al.

ZT0 abess asessig
(%.1) 9 (%91) 59 (%6) L (%91) 81T TN
(%e8) L1z (%¥8) 166 (%16) €L (%¥8) Tv9 oW
LT0 abels N
(%eT) €€ (%s1) 65 (%ET) 0T (%vT) 20T ZNd
(%0€) 5L (wez) 68 (%T2) 9T (%S2) 08T TNd
(%93) 6€T  (%v9) 652 (%L9) 2§ (%T9) 0S¥ ONd
€10 abe1s Nd
(%v) 1T (%5) 2z (%9) § (%5) 8¢ v1d
(%02) 22T (%S9) 2Lz (%SS) Ly (%59) 967 eLd
(%02) 15 (%02) 28 (%02) LT (%02) 05T zud
(%9) T (wor) e (%6T) 9T (%01) ¥2 71d
¥€0°0 abeys 1d
(%8T1) 05 (%61) 58  (%0€) 8¢ (%02) €91 wnyay
(wee)e6  (w62) L2T  (%wve) 22 (%0€) zve uojoa [esiq
(%6v) LeT  (%zs) eee  (%9Y) 2v (%08) 2T¥ U009 [eWIXoid
900 uoled0] Jnownj
(%e2) 09 (%02) 06 (%02) 8T (%T2) 891 Juasald
(%82) 5Tz (%608) ¥S€  (%608) €L (%6L) 2v9 ussqy
980 9Alle|al mm_mwu-um‘__v— ® Ul J3Jued |e10310|02 JO \Couw_c \A__Emu_
(wzy) 9TT (%vS) zve  (%SS) 0S (%05) 80 8002 0} 666T
(%839) 29T (%9¥) ¥0Z  (%SV) Tv (%08) Lov 666T 03 Jold
€000 sisoubelp Jo Jean
(%19) 02T (%6vS) Tve  (%1S) Lt (%95) 85 USWOM
(%6€) TTT  (%97) 602 (%6V) S (%bv) G9¢ UsIN
770 x8S
900 6'8¥1'89 687969  S'6¥6'69 0'6¥1'69 (4A) as+abe uesy
onead  (18z=u) vie  (0sv=u) e/t (26=u) 0  (£28=U) ON [er0L dnsuisioeeyd

21005 U0ISSaldxa y/zdD Anown,

$aSBD J90URD [210910]00 £28 Ul 8109s UOISsaldxa #7/zAaD Jnown) auyy 01 Buipiodoe sainjeay Jejnoajow pue ‘[eaibojoyred ‘[eaiund

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Gut. Author manuscript; available in PMC 2018 August 01.



Page 18

Masugi et al.

(%.8) v (%€8)83E  (%0L) ¥9 (%e8) €99 SSIN/MOI-ISIN

1000 smels ISW
(%.7) ev (%S 19 (%TT) 6 (%sT) £TT anjel| U
(%29 vvT  (%95) 7€ (%8Y) 8E (%99) €Tv aleIpawalu|
(%92) 59 (%62) 81T  (%TV) €€ (%62) 91¢ a|1suedx3

170 utaned ymolb anowny
(%e) L (%) g1 (%) § (%) LT %05<
(%6) €2 (%91) €9 (%ET) OT (%vT) 96 %05-T
(%88) ¥1z  (%08) 80  (%608) T9 (%€8) €85 %0

900 SseaJle Jnown pIjos JO JusIx3
(%0) 0 (%1) ¥ (%9) ¥ (%1) 8 %05
(%8) z¢ (%eT) vs  (%ET) 1T (%TT1) 28 %05-T
(%e6) S5 (%28) 988 (%E8) €L (%88) ¥1L %0

7000 S1199 Buis 18ubis Jo Juax3
(%9) LT (%TT) 1S (%S2) 2T (%TT) 06 %05<
(%92) e, (wee) vv1  (%Se) ez (%62) 8eC %05-T
(%89) 88T (%95) 6vC  (%TS) S¥ (%09) z8v %0

T000°0> UIoNW Je|N||a0e.Ixa JO Jusix3
(%6) ve (we) oy (%vT) €T (%6) L2 lood
(%16) 2652 (%T16) 607  (%98) 8L (%16) ¥¥L aJeI8pOW OF |3

[44)} uolyenuaIsyIp Jnown |
(%2e) 15 (%TE)STT  (%Se) 6T (%22) 581 61
(%0¢€) 89 (%ez) 98 (%ee) ve (%92) 8.1 v1-6
(%S2) LS (%e2) 18 (%9T) 2T (%€2) 95T 8-G
(%€2) €5 (%e2) 98 (%Le) 02 (%€2) 65T =0

170 sapou ydwA| anirebau Jo "oN
(%.7) 9y (%91) 59 (%6) L (%91) 81T Al
(%ve) 68  (%92) 60T  (%62) €2 (%62) T2e 1
(w62)s.  (wre) evt  (%ve) L2 (%ee) sve I
(%02) €5 (%v2) 66 (%62) €2 (%€2) 62T |

onead  (t8z=u) v (0sv=u) z/t  (26=u) 0  (€28=U) ON [e0L LNsueoeleyd

21005 UoIssa1dxa y7/zaD Anowiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2018 August 01.

Gut. Author manuscript



Page 19

Masugi et al.

‘Bunsal sisaylodAy ajdi N 10} U0181109

1uo.alsguog ajdwiis Aq (2z/S0°0=) 00’0 O3 [9A8] © Papis-0Mm] palsnipe ap\ “pawlioylad sem adueLIA JO SISAJeUe Ue ‘S|aA3] UolejAylaw T-JN |7 uesw pue abe uesw asedwod 0] "pawlojiad sem 1sa) asenbs-1yo
a1 ‘(paw.oyiad sem 1531 10eX8 S, 1aysi4 YoIYM 10J ‘seale Jnowin pIjos pue s|(a9 Buil 18ubis Jo s1usixs ay) Jo) 1dsoxa) sajqelien [2a1106a1ed pue [aAs] UoIssaldxe #7720 INoWwN) UsaMIag SUOIIRIOOSSE SSaSSe 0]

v

"xas pue abe 1o} 1daoxa sonsusIoRIRYD 8y} JO AUE 10} sanjeA Buissiw
pey 1By} SaSeD 31aM 313U ‘|9A3] UoIssaldXe +/ZdD NOWN) yora )M Sased Jaoued [210810[00 Ul 81njes) Jejnasjow 1o ‘[eatbojoyred ‘[eatuljo o1319ads e yim sased Jo uonodold sy sareaipul abeiuadlad
¥

“UOITRIAGD PJBPURIS ‘dS ‘8]qels 8)1|[31eS0I0IW ‘SSIA ‘AN |IgeISUI 8111181BS0I0IW ‘ISIAl ‘T-IUBWa[3 apnos|onu pasiadsiaiul Buo] ‘T-IN| T ‘adAlousyd JorejAyiaw puelst 9AD ‘dINID :SUOHEIABIGYY

Author Manuscript

(%v) 6 (%2) 9z (%eT) 6 (%2) vv ubIH
(%9) €1 (%9) €2 (%21) 6 (%2) sv Mo
(%06) 80z (%698) 90¢  (%.2) 09 (%.8) v anijefaN
00 WNQ wnpeajonu wnliajoeqosn-H
5800 T6FTT9  00TFLZ9  ¥'6F9€9 L'6¥€'C9 (%) asF1ana] uonejAyiow T-3N 7 UBdIN
(%.7) v (wer) s (%vT) 2T (%ST) TTT weiniy
(%e8) 80z (%/8) 65€  (%98) ¥L (%58) Tv9 adA-pim
2€0 uoneINW VLM /d
(%ey) STT (%2y) 18T (%0€) 82 (%Tv) vee weiniy
(%85) 85T (%8S) €5 (%0L) ¥9 (%65) GL¥ adA-pim
TT°0 uoneinw Sy
(%vT) 6€ (%S1) 99 (%9T) ST (%ST) 02T weiniy
(w98) 8ez  (%S8) 89  (%w8) LL (%58) €89 adA-pim
980 uoneinw /&g
(%eT) 6¢ (%61) 92 (%¥2) 0C (%.7) T€T ubiH
(w/8)0ez  (w18)0ge  (%92) 29 (%€8) 229 anipeBau/mo
8800 smiels diNID
(%eT) 6¢ (wT) 72 (%0€) L2 (%.T1) 9€T ubIu-1SIN
onead  (tsz=u) e (0sv=u) 2/t (26=u) 0  (£z8=U) ON [e10L Llisusoeleyd

31005 U0ISsa1dxa 7/zaD Anowin|

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2018 August 01.

Gut. Author manuscript



Page 20

Masugi et al.

(%s1) 9 (we1) 8z (wT2) vy (%9T) 2 (%8) L  (%ST) z2t uasqy
9g'0 (808=u) uonoeai a1L20ydwA| [eanowniiidd
(%6) € (%v) 8 (%9) 2T (%8) ST (wer)8  (%L) 9y ubIH
(wen) v (@91) T (We2) v (LT EE  (%T2) ¥T  (%6T) 92T Mo
(%8) Gz (%08) GST  (%T2) 9€T  (%G2) LvT  (%89) 9%  (%GL) 60S Juasqy
800 (T89=U) uonoeau proydwaA] axij-s,uyosd

(%Sy) Sz (%S2) LT (1sauby) ¥ ajnuend

(%61) L (68T)T€  (%92) 9¢  (%S2) 8¢
v (wv2) €T (%Se) 8ET (par) € a14ENd
e
ge

(9.71)9 WS zr  (wve)ee  (w6T
(6T) L (WTe)2s  (%92) ¢ (%ez (%91) 6 (%Se) LET  (pu0dss) z 8jiend
(%ry) 9T  (W92) s (wve)ee  (%ee (%ST) 8 (%S2) LeT  (1samoy) T 8jisend

T000°0> (675=u) Ansuap |19 ,£dXO4

)
)
)

(%62) 0T  (%82)6v  (w62) e  (%61) 06  (%E€Z) €T  (%G2) SvT  (1saubiy) v alnsend
(w92)6  (w82) 6y  (WT2)1e  (%92) v (%Te) 2T (%Se) eVt (pa1p) € B1nEnd
(we2) 8 (w12)8e (w62l 2y (%62) Ly (%9T) 6  (%G2) ¥¥T  (puodas) g ajnend
(wer)s  (wvodey  (wra)1e  (%92) 2y (w6E) 2e  (%Se) vT  (1samol) T 9jnsend
1€00 (225=u) Ausuap |189 ,0HSYAD
(wse) et (wve) ey (woe) vy (%6T) 62  (%v2) €T (%G2) TvT  (saubiy) v sjnsend
(w12) L (L) 8y (wea)ee  (wSz)6e  (%82) ST (%Ge) TvT (par) € a1n4ENd
(ws1) s wvo)ey (w8 Tr (L) zy  (w6T) 0T  (%G2) THT  (puodss) g ajnsend
(%62) 0T  (w¥2) ey (w02) 62  (%62) v (%0€) 9T  (%G2) T¥T  (1samol) T ajnend
€10 (¥9G=u) Ansuap 123,800
(wze)s  (w12) L& (wee) 8y  (%wTe) e (%0€) LT (%S2) €vT  (3saubiy) v ajnsend
(w82) 0T (w2 v (%Se) L& (wv2) 8 (%02) TT  (%S2) EVT (pa1p) € B1nend
(wee) 2t (w62) 2  (w02) 62  (%ve) L& (%T2) 2T (%G2) ¢vT  (puodas) g ajnend
(wL1)9 e v (wea)ze (%1e) 8y (%62) 9T  (%S2) €vT  (1samol) T djnsend
6€°0 (T2G=u) Ausuap 1190 ,£aD

LONEeAd 14 € 4 T 0 ‘ON [e10L

21005 UOISsa1dxa /a0 Anowin|

susaned
uonaeas anAooydwA| [ea160]01SIYy pue ‘s|19d 1 JO SanISuap ay) ‘2109s uoissaldxa 17/ zd) inown] ay) 01 Buiplodde sased Jadued [819910]09 JO uolngLIsia

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Gut. Author manuscript; available in PMC 2018 August 01.



Page 21

Masugi et al.

"U011991409 1uoLiauog ajdwis Aq (8/50°0=) 900°0 03 [8N3]

D papis-om} paisnipe am ‘sajqerien a1AooydwA| (1) Arewid 1ybia ay) passasse am asnedag ‘(sa|qelteA [eulplo se ‘ybiy pue ‘Mmoj ‘wuasqe) sulaned uonodeal anAdoydwA| [ea160joisiy pue (SajgerieA snonuiuod
se ”NEE\m__muv S|199 1 J0 sanisuap ayy Buipnjour ‘sajqerren aykooydwA| (1) pue (¢ 01 0 woly Buibuel) 8109s uoissaldxa /2@ INowiny sy} Usamiag 1s8) UoIe|a.1lod ueweads Ag pale|najed sem anjeAd

Author Manuscript

(wm) 2. (88T (wer) Sz (wTT) 9z (%ST) €T (%TT) 68 ub1H
(wom) v (weT)TE  (W¥T)2e  (%8T)2zv  (%¥2) Te  (%9T) OET Mo
(weL) 0e  (962) 28T  (%€L) LST  (%TL) €9T  (%29) S  (%€L) 265 esqy
9000 (T78=U) (711.L) se1hooydwiA| Buirenjyul-inowny
(wer) s (woT) €z (%eT) 82  (%eT) 62 (%ET) 2T (%2T) L6 ubIH
(w8L) ze  (%28) ¥6T  (%69) 8YT  (%v2) 0LT  (%6L) 0L  (%92) ¥19 moT
(wom) v (w8)oz  (%81)8s  (wvT)ee  (%8)L  (%er) 10T 3sqy
£6°0 (TT8=U) Uonoeal Jenpue|biiad [eanownyeaiu]
(%02)8  (wer) 6z (wST)ee  (%91) 9¢  (%02) 8T  (%ST) ¥2T ubIH
(%99) Lz (%92) 08T  (%¥9) LET  (%89) SST  (%2L) €9  (%0L) 295 Mo
Lanrend 4 ) 14 T 0 "ON [e10L

21005 uoIssaidxa y/zdD Anownp

Author Manuscript Author Manuscript Author Manuscript

Gut. Author manuscript; available in PMC 2018 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Masugi et al.

Table 3

Page 22

Ordinal logistic regression analysis to assess the association of the tumour CD274 expression score (predictor)
with the density of T cells (outcome)

Univariable OR (95% CI)

Multivariable OR (95% C1)™

Model for CD3" cell density (n=571, as an ordinal outcome variable)

Tumour CD274 expression score

0 1 (reference)

1 0.77 (0.45-1.33)
2 1.34 (0.77-2.32)
3 0.90 (0.53-1.54)
4 1.05 (0.50-2.23)

Prrend 7 080

Model for CD8"* cell density (n=564, as an ordinal outcome variable)

Tumour CD274 expression score

Model for CD45RO* cell density (n=577, as an ordinal outcome variable)

Tumour CD274 expression score

0 1 (reference)

1 0.83 (0.48-1.45)
2 1.30 (0.74-2.27)
3 1.10 (0.64-1.90)
4 1.32 (0.61-2.84)
Prend 7 0.6

0 1 (reference)

1 1.20 (0.70-2.08)
2 1.68 (0.97-2.92)
3 1.69 (0.99-2.90)
4 1.72 (0.81-3.67)

Prrend 70020

Model for FOXP3* cell density (n=549, as an ordinal outcome variable)

Tumour CD274 expression score

0 1 (reference)

1 0.46 (0.26-0.82)
2 0.44 (0.25-0.77)
3 0.33 (0.19-0.58)
4 0.21 (0.10-0.45)
Preng! <0.0001

1 (reference)
0.78 (0.45-1.35)
1.37 (0.79-2.38)
0.94 (0.55-1.61)
1.07 (0.51-2.26)
0.51

1 (reference)
0.88 (0.50-1.53)
1.49 (0.84-2.62)
1.16 (0.67-2.03)
1.61 (0.74-3.50)
0.08

1 (reference)
1.42 (0.81-2.48)
2.09 (1.19-3.69)
2.06 (1.18-3.59)
1.92 (0.89-4.15)
0.007

1 (reference)
0.46 (0.26-0.82)
0.39 (0.22-0.70)
0.36 (0.21-0.63)
0.22 (0.10-0.47)
0.0002

Abbreviations: Cl, confidence interval; OR, odds ratio.

*
The multivariable ordinal logistic regression analysis model initially included age, sex, year of diagnosis, family history of colorectal carcinoma in
any parent or sibling, tumour location, microsatellite instability, CpG island methylator phenotype, KRAS, BRAF, and PIK3CA mutations, and

LINE-1 methylation level. A backward elimination with a threshold of £=0.05 was used to select variables in the final models.

fﬂrend value was calculated by the linear trend across the ordinal categories of the tumour CD274 expression score (0 to 4, as an ordinal predictor

variable) in the ordinal logistic regression model for the density of CD3" cells, CD8™ cells, CD45RO™ cells, or FOXP3* cells (an ordinal quartile
outcome variable). Because we assessed eight primary outcome variables, we adjusted two-sided a level to 0.006 (=0.05/8) by simple Bonferroni

correction.
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Logistic regression analysis to assess the association of the tumour CD274 expression score (predictor) with
histological lymphocytic reaction (outcome)

Univariable OR (95% CI)

Multivariable OR (95% C1)*

Model for Crohn’s-like lymphoid reaction (n=681, as a binary outcome variable*)

Tumour CD274 expression score 0

AW N

Ptrend

1 (reference)

0.68 (0.37-1.25)
0.86 (0.47-1.56)
0.53 (0.28-0.98)
0.59 (0.22-1.56)

7 0.09

1 (reference)
0.79 (0.40-1.57)
1.06 (0.54-2.09)
0.65 (0.32-1.31)
0.68 (0.23-1.98)
0.30

Model for peritumoural lymphocytic reaction (n=808, as a binary outcome variable’)

Tumour CD274 expression score

A w N B O

Ptrend

1 (reference)

0.45 (0.19-1.04)
0.33 (0.14-0.77)
0.65 (0.27-1.54)
0.50 (0.16-1.61)

7 087

1 (reference)
0.43 (0.18-1.03)
0.35 (0.15-0.82)
0.58 (0.24-1.42)
0.43 (0.13-1.40)
0.59

Model for intratumoural periglandular reaction (n=812, as a binary outcome variable’)

Tumour CD274 expression score 0

AW N

Ptrend

1 (reference)

0.53 (0.23-1.25)
0.40 (0.17-0.92)
0.93 (0.38-2.27)
0.79 (0.22-2.86)

f 051

1 (reference)
0.54 (0.22-1.28)
0.42 (0.18-0.99)
0.88 (0.35-2.19)
0.71 (0.19-2.62)
0.69

Model for tumour-infiltrating lymphocytes (n=811, as a binary outcome variable’ﬁ

Tumour CD274 expression score 0
1
2
3
4

Ptrend

1 (reference)

0.68 (0.40-1.13)
0.59 (0.35-0.99)
0.42 (0.25-0.72)
0.59 (0.26-1.34)

7 0.004

1 (reference)
0.78 (0.42-1.43)
0.66 (0.36-1.24)
0.54 (0.29-1.01)
0.64 (0.25-1.65)
0.049

Abbreviations: Cl, confidence interval; OR, odds ratio.

*
Since the proportional odds assumption was not satisfied in the ordinal logistic regression model, we used the binary logistic regression model to

assess the independent association of the tumour CD274 expression score with each histological lymphocytic reaction pattern.

fThe multivariable logistic regression analysis model initially included age, sex, year of diagnosis, family history of colorectal carcinoma in any
parent or sibling, tumour location, microsatellite instability, CpG island methylator phenotype, KRAS, BRAF, and PIK3CA mutations, and LINE-1

methylation level. A backward elimination with a threshold of £=0.05 was used to select variables in the final models.

fﬂrend value was calculated by the linear trend across the ordinal categories of the tumour CD274 expression score (0 to 4, as an ordinal predictor

variable) in the binary logistic regression model for each histological lymphocytic reaction pattern (a binary outcome variable [absent vs. low/
high]). Because we assessed eight primary outcome variables, we adjusted two-sided a level to 0.006 (=0.05/8) by simple Bonferroni correction.
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