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Abstract

Background Programmed cell death ligand-1 (PD-L1) and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) play a
pivotal role in cancer immunotherapy. Each of these molecules has a membrane-bound receptor form (mPD-L1/mCTLA-
4) and a soluble form (sPD-L1/sCTLA-4). However, these prognostic impacts in colorectal cancer (CRC) remain unclear.
Methods We immunohistochemically scored tumoral mPD-L1/mCTLA-4 expression and quantified preoperative circulating
sPD-L1/sCTLA-4 levels using matched serum specimens from 131 patients with pStage I-III CRC. We also examined the
association between these statuses and tumor infiltrating lymphocytes (TILs) in these patients.

Results Elevated levels of mPD-L1, mCTLA-4, sPD-L1 and sCTLA-4 were significantly correlated with poor overall survival
(OS) and disease-free survival (DFS). Co-high expression of tumoral mPD-L1 and mCTLA-4 or co-elevated levels of serum
sPD-L1 and sCTLA-4 were strongly correlated with poor OS and DFS. Multivariate analysis revealed that both statuses
were negative independent prognostic factors for OS [hazard ratio (HR) 3.86, 95% confidence interval (95% CI) 1.71-8.51,
p=0.001; HR 5.72, 95% CI 1.87-14.54, p=0.004, respectively] and DFS (HR 2.53, 95% CI 1.23-4.95, p=0.01; HR 6.88,
95% CI2.42-17.13, p=0.0008, respectively). Although low expression of tumoral mCTLA-4 was significantly correlated
with increased CD8(+) TILs, there was no correlation in any other combination.

Conclusions We verified the prognostic impacts of mPD-L1, mCTLA-4, sPD-L1 and sCTLA-4 in pStage I-11I CRC patients.
Dual evaluation of immune checkpoint molecules in primary tissues or preoperative serum could identify a patient popula-
tion with poor prognosis in these patients.
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TNM Tumor—Node—Metastasis
95% CI 95% confidence interval
Introduction

Colorectal cancer (CRC) is the third leading cause of cancer-
related death in the United States [1]. Although the standard
strategy for cure in CRC patients is curative resection, most
of these patients need to receive additional therapy, includ-
ing chemotherapy and radiotherapy, before or after surgery
to increase the curative resection success rate or to reduce
the recurrence rate, especially in advanced CRC patients.

Recently, immunotherapy entered the limelight as a
fourth cancer treatment for various malignancies, includ-
ing CRC [2, 3], and emerging evidence has revealed that
inhibition of immune checkpoints in the programmed cell
death-1 (PD-1)/programmed cell death ligand-1 (PD-L1)
and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-
4) pathways play a pivotal role in immune evasion in cancer
[4]. Regarding the PD-1/PD-L1 pathway, PD-1 binds to its
ligands PD-L1 and PD-L2, and it promotes T cell apoptosis
and exhaustion [4, 5]. In contrast, CTLA-4 binds to CD80
and CD86 with greater affinity and avidity than CD28, thus
regulating T cell activation to the tumor and preventing self-
tolerance [4, 6, 7]. Accumulating evidence from clinical
studies demonstrates the favorable effect of immunotherapy
that targets these pathways in the treatment of various types
of malignancies [2, 8]. Moreover, several studies have shown
that combination therapy with the PD-1/PD-L1 and CTLA-4
pathways was more effective than monotherapy at improv-
ing prognosis in patients with cancers [9, 10]. Each human
PD-L1 and CTLA-4 molecules has two forms: a membrane-
bound receptor form (mPD-L1 and mCTLA-4) and a soluble
form (sPD-L1 and sCTLA-4). Recent studies demonstrated
prognostic impact of these molecules on malignancies [6,
7, 11-17]; however, the prognostic burden of tumoral or
soluble immune checkpoint molecules remains unclear in
CRC patients.

CD8(+) T cells are cytotoxic and have a crucial role in
anti-tumor immunity in CRC [18]. Therefore, they are rec-
ognized as a promoter and inhibitor of local tumor immunity
in the tumor microenvironment (TME) of CRC, whereas
regulatory T (Treg) cells expressed FoxP3, which is a tran-
scription factor, could suppress the immune system against
tumor progression [19]. However, the function of FoxP3(+)
T cells in CRC is still controversial. One recent study about
CRC revealed that Foxp3(+) T cells were classified into two
types by the degree of Foxp3 expression levels; Foxp3hie
and Foxp3'°™. Foxp3™e" T cells suppress immune response
against cancer cells hence a high infiltration of FOXP3"eh T
cells in the TME is associated with a poor prognosis; how-
ever, a high infiltration of Foxp3'°" T cells did contribute
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better prognosis for CRC patients [20]. Recent meta-analysis
revealed a favorable impact of FoxP3(+) T cell infiltration
for prognosis in CRC, which contrasts with previous meta-
analyses suggesting the negative impact of tumor-infiltrating
FoxP3(+) T cells for oncological outcomes in solid cancers
[21, 22]. Furthermore, the association between the two types
of immune checkpoint molecule expression in tumor tissues
or blood and CD8(+) or FoxP3(+) tumor infiltrative lym-
phocytes (TILs) is still unclear.

Here, we evaluated tumoral mPD-L1 and mCTLA-4
expression in CRC tissues, and quantified preoperative cir-
culating sPD-L1 and sCTLA-4 levels using matched serum
specimens to comprehensively explore the clinical burden
of these immune checkpoint forms in pStage I-IIT CRC
patients. Furthermore, we examined TILs in TME using
matched CRC tissues to clarify the association between
immune checkpoint forms and TILs in curatively resected
CRC patients.

Materials and methods
Patients

We enrolled 131 patients with pStage I-III CRC who under-
went curative surgical resection between 2013 and 2015 at
the Department of Gastrointestinal Surgery, Mie University
Hospital (Tsu, Mie, Japan). Total twenty-five patients were
deceased due to CRC in this cohort. Detailed information of
the tests is provided in Supplementary Methods.

Immunohistochemistry analysis of PD-L1, CTLA-4,
CD8, and FoxP3 expression in primary CRC tissue

Formalin-fixed, paraffin-embedded sections (FFPE; 5 um
thick) were prepared from surgical specimens of CRC
patients. Further information is provided in Supplementary
Methods.

Immunohistochemistry scoring of tumoral mPD-L1
and mCTLA-4 expression in primary CRC tissue

Tumoral mPD-L1 and mCTLA-4 immunoreactivity at the
core of the CRC were evaluated according to the intensity
and extent of staining. Staining intensity of cytoplasmic
PD-L1 and CTLA-4 expression in CRC cells was scored as
follows: no staining, 0; weak staining, 1; moderate staining,
2; and strong staining, 3 (Supplementary Figure 1a—h). The
extent of staining was scored according to the percentage of
CRC cells with cytoplasmic PD-L1 and CTLA-4 expression
as follows: 0%, 0; 1%-25%, 1; 26%-50%, 2; 51%—75%, 3
and 76%—100%, 4). The immunohistochemistry scores were
calculated by multiplying the intensity and extent of the
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staining scores (score range 0—12). The slides were evalu-
ated three times by three independent investigators (YuO,
YT and YoO) who were blinded to the nature of the speci-
mens and antibodies used.

Immunohistochemistry scoring of PD-L1,
CTLA-4, CD8 and FoxP3 (+) T cells in the tumor
microenvironment

PD-L1, CTLA-4, CD8 and Foxp3 (+) T cells were counted
using a scanner system under an Olympus BX-51 and DP21
with the Cellsens software imaging system, as previously
described [14]. Each slide was scanned microscopically, and
PD-L1, CTLA-4, CDS8 and Foxp3 (+) T cells were pho-
tographed at a magnification of 100 X in three representa-
tive low-power fields at the tumor margin (Supplementary
Figure 2a—d).

Detection of serum sPD-L1 and sCTLA-4 levels
by Enzyme-linked immunosorbent assay

Serum sPD-L1 levels were determined using enzyme-linked
immunosorbent assay kits for human PD-L1(WLS CLOUD-
CLONE CORP, Houston, TX, USA) as previously described
[14]. Serum sCTLA-4 levels were determined using enzyme-
linked immunosorbent assay kits for human CTLA-4(Life
Technologies, Carlsbad, USA) as previously described [13].
Further information is provided in Supplementary Methods.

MSI, KRAS and BRAF status detection

Microsatellite unstable (MSI) analysis was carried out using
five mononucleotide repeat microsatellite markers(BAT-25,
BAT-26, NR-21, NR-24 and NR-27) in a pentaplex PCR
system as previously described [23]. Primer sequences were
described previously [24]. KRAS (exons 2 and 3) and BRAF
(V600E) mutations were analyzed by pyrosequencing using
primers as previously descried [23]. Further information is
provided in Supplementary Methods.

Statistical analysis

Statistical analyses were performed using JMP software ver-
sion 13.2.1(SAS Institute, Cary, NC, USA). Optimal cut-off
values for each tumoral membrane expression of immune
checkpoints in CRC cells was determined using receiver
operating characteristic (ROC) curves for overall survival
(OS) with Youden’s index (Supplementary Figure 3a, b).
The cut-off values of each soluble form level of immune
checkpoint in preoperative serum was also determined
using ROC curves for OS with Youden’s index (Supple-
mentary Figure 3c, d). Further information is provided in

Supplementary Methods. All P values were two-sided and
p <0.05 was considered statistically significant.

Results

High tumoral mPD-L1 expression was significantly
correlated with clinicopathological factors in pStage
I-1ll CRC patients

At first, we evaluated the correlation between tumoral mPD-
L1 or mCTLA-4 expression in CRC tissues and clinico-
pathological factors in pStage I-III CRC patients (Table 1).
High tumoral mPD-L1 expression was significantly corre-
lated with well-established local disease-progression fac-
tors, including advanced T-stage (p =0.009), presence of
vessel invasion (p =0.0002), presence of lymphatic inva-
sion (p=0.03), lymph node metastasis positive (p =0.01)
and advanced TNM stage (p=0.01). As for the molecular
subtype of CRC, patients with low tumoral mPD-L1 expres-
sion have significantly more BRAF mutations than those
with high tumoral mPD-L1 expression (p=0.008), and other
molecular statuses were not correlated with tissue mPD-L1
expression in CRC tissues. However, patients with high
tumoral mCTLA-4 expression have significantly more MSI
status than those with low tumoral mCTLA-4 expression
(p=0.056), and none of the clinicopathological factors and
molecular subtypes was associated with tumoral mCTLA-4
expression in pStage I-III CRC tissues.

Elevated preoperative serum sPD-L1 or sCTLA-4
levels were significantly correlated with lymphatic
invasion in pStage I-1ll CRC patients

We also evaluated the association between the preoperative
serum sPD-L1 or sSCTLA-4 levels and clinicopathologi-
cal factors in pStage I-III CRC patients (Table 1). pStage
I-III CRC patients with high preoperative serum sPD-L1
levels had significantly less presence of lymphatic invasion
than those with low serum sPD-L1 levels (p =0.01), while
patients with high preoperative serum sCTLA-4 levels had
significantly more presence of lymphatic invasion than
those with low serum sCTLA-4 levels (p =0.04). Preopera-
tive serum sPD-L1 levels was not significantly correlated
with other clinicopathological factors despite sex differ-
ences (p=0.02) in these patients. Furthermore, none of the
other clinicopathological factors was significantly correlated
with preoperative serum sSCTLA-4 levels in these patients.
In addition, both statuses of preoperative serum levels were
also not correlated with any molecular subtype of CRC,
including KRAS mutation, BRAF mutation, and MSI status
in pStage I-III CRC patients.
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High tumoral mPD-L1 and/or mCTLA-4 expression
in CRC tissues were significantly correlated
with shorter OS and DFS in pStage I-1ll CRC patients

We next performed time-to-event analyses to evaluate the
prognostic relevance of tumoral mPD-L1 or mCTLA-4
expression in CRC tissues for OS and DSF in pStage I-III
CRC patients. Patients with high tumoral mPD-L1 expres-
sion showed shorter OS and DFS than those with low
expression (p=0.03, p=0.02, respectively; Fig. 1a, b). Like-
wise, high tumoral mCTLA-4 expression was significantly
associated with poor OS and DFS, whereas low expression
in these patients was not (p=0.0001, p=0.001, respectively;
Fig. lc, d). To further assess the clinical significance of
tumoral mPD-L1 and mCTLA-4 expression status, we ana-
lyzed the association between the status combined tumoral
mPD-L1 expression with tumoral mCTLA-4 expression
and various clinicopathological factors in pStage I-III CRC
patients (Table 2). Interestingly, patients with high expres-
sion of at least either tumoral mPD-L1 or mCTLA-4 in CRC
tissues were significantly associated with presence of vessel
involvement (high/high vs low/low: p =0.002; others vs low/
low: p=0.003, Chi square test with Holm adjustment). Other
clinicopathological factors, including molecular profiles,
were not significantly associated with the dual evaluation
of the expression status. It is noteworthy that the status was
strongly correlated with poor prognosis for OS and DFS in
pStage I-1II CRC patients (p=0.0003, p=0.0008, respec-
tively; Fig. le, f)

Elevated preoperative serum sPD-L1 and/or sCTLA-4
levels were significantly correlated with poor OS
and DFS in pStage I-1ll CRC patients

Next, we generated Kaplan—Meier survival curves according
to preoperative serum sPD-L1 levels to clarify the impacts
on oncological outcome in pStage I-III CRC patients. Ele-
vated preoperative serum sPD-L1 levels were significantly
correlated with poor prognosis for OS and DFS in these
patients (p =0.01, p=0.05, respectively; Fig. 1g, h). Notably,
consistent findings were also observed for sCTLA-4 levels in
preoperative serum, and patients with elevated preoperative
serum sCTLA-4 levels showed significantly shorter OS and
DFS when compared with those who had decreased serum
levels (p=0.01, p=0.02, respectively; Fig. 1i, j). We fur-
ther analyzed the association between the status combined
preoperative serum sPD-L1 with serum sCTLA-4 levels
and various clinicopathological factors in pStage I-III CRC
patients (Table 2). Although none of the clinicopathological
factors was associated with the serum soluble form status
of immune checkpoints, the group with high preoperative

serum levels of both sPD-L1 and sCTLA-4 were strongly
associated with poor OS and DFS compared with other
groups (p =0.0001, p=0.0003, respectively; Fig. 1k, 1).

Co-high expression of tumoral mPD-L1

and mCTLA-4 in CRC tissues and co-elevated levels
of sPD-L1 and sCTLA-4 in preoperative serum were
independent prognostic factors for 0S and DFS

in pStage I-11l CRC patients

To determine the potential of co-high expression of tumoral
mPD-L1 and mCTLA-4 in CRC tissues and co-elevated
levels of sPD-L1 and sCTLA-4 using preoperative serum
as a predictive biomarker of poor OS and DFS in pStage
I-III CRC patients, we further performed multivariate
Cox’s regression analysis. As for being predictors of OS,
the statuses of co-high expression of tumoral mPD-L1 and
mCTLA-4 in CRC tissues [hazard ratios(HR) 3.86, 95% con-
fidence interval (95% CI) 1.71-8.51, p=0.001; Table 3a]
and co-elevated levels of sPD-L1 and sCTLA-4 in preop-
erative serum (HR 5.72, 95% CI 1.87-14.54, p=0.004;
Table 3a) were independent prognostic factors for OS in
pStage I-III CRC patients. Furthermore, these two statuses
(tumoral expression; HR 2.53, 95% CI 1.23-4.95, p=0.01,
serum levels; HR 6.88, 95% CI 2.42-17.13, p=0.0008,
Table 3b) and the presence of lymph node metastasis (HR
2.16,95%CI 1.06-4.47, p=0.03, Table 3b) were independ-
ent prognostic factors for poor DFS in pStage I-III CRC
patients.

No correlation existed between preoperative serum
sPD-L1 or sCTLA-4 levels and tumoral mPD-L1

or mCTLA-4 expression or PD-L1 or CTLA-4 (+) TILs
in CRC tissues

We examined the correlations between preoperative serum
levels and tumoral expression of immune checkpoints in
CRC tissues (Fig. 2a—d). Furthermore, we also checked
whether preoperative serum levels of immune checkpoints
were correlated with immune checkpoints positive TILs of
CRC patients (Fig. 2e-h). In these analyses, none of any
combination showed significant correlation in pStage I-I1I
CRC patients.

High tumoral mCTLA-4 expression was significantly
associated with decreased CD8 positive TILs in CRC
tissues

We further examined the correlation between CD8 or
FoxP3(+) TILs and various levels of PD-L1 or CTLA-4 in
pStage I-III CRC patients. As for CD8(+) TILs, low expres-
sion of tumoral mCTLA-4 was significantly correlated with
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Fig. 1 Kaplan—Meier analysis
of patient survival according
to tumoral mPD-L1/mCTLA-4
expression in CRC tissues and
sPD-L1/sCTLA-4 levels in
preoperative serum in pStage I-
III CRC patients. a—d Kaplan—
Meier analysis of patient
survival according to tumoral
mPD-L1 or mCTLA-4 expres-
sion in CRC tissues. Patients
with high tumoral mPD-L1 or
mCTLA-4 expression had sig-
nificantly poorer OS and DFS
than those with low expression
(tumoral mPD-L1 expres-
sion; p=0.03 and p=0.02,
tumoral mCTLA-4 expres-
sion; p=0.0001 and p=0.001,
respectively). Kaplan—-Meier
survival curves for OS (e) and
DES (f) of CRC patients based
on the co-expression of tumoral
mPD-L1 and mCTLA-4.
Patients with co-expression of
tumoral mPD-L1 and mCTLA-4
expression had much poorer
OS and DFS than patients

with other values (p=0.0003
and p =0.0008, respectively).
g-j Kaplan—Meier analysis of
patient survival according to
preoperative serum sPD-L1 or
sCTLA-4 levels in pStage I-II1
CRC patients. Patients with
elevated sPD-L1 or sCTLA-4
levels in preoperative serum
had significantly shorter OS
and DFS than those without
elevated values (serum sPD-L1
levels; p=0.01 and p=0.05,
serum sSCTLA-4 levels; p=0.01
and p=0.02, respectively).
Kaplan—Meier survival curves
for OS (k) and DFS (1) of CRC
patients based on co-elevated
serum sPD-L1 and sCTLA-4
levels. Patients with co-elevated
serum sPD-L1 and sCTLA-4
levels had much poorer OS
and DFS than patients with
other values (p=0.0001 and
p=0.0003, respectively)
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Table 2 Correlation between clinicopathological variables and tumoral mPD-L1/mCTLA-4 expression status and preoperative serum sPD-L1/

sCTLA-4 levels status in colorectal cancer patients

Variable n Tumoral membrane expression status p value Serum soluble form levels status p value
High/high  Others (n=79) Low/low High/high Others (n=33) Low/low
(n=24) (n=28) (n=7) (n=91)
Sex
Male 79 17 48 14 0.37% 4 25 50 0.74%%
Female 52 7 31 14 0.39%%# 3 8 41 1 35##
Age (year) 0.64%%%# 0.128%5#
<69 64 10 37 17 0.66% 4 14 46 15
>69 67 14 42 11 0.52%% 3 19 45 138##
Histological type 0.4285%# IR
Differentiated 122 23 73 26 1 S 6 32 84 0.97%#
Undifferentiated 9 1 6 2 185 1 1 7 0.928%#
Pathological T category IR 0.68355##
pT1/2 62 10 34 18 0.91% 4 16 42 15##
pT3/4 69 14 45 10 0.215%# 3 17 49 1388
Vessel invasion 0.16%% 1388##
Present 7217 48 7 0.37% 4 17 51 15##
Absent 59 7 31 21 0.0028%* 3 16 40 185
Lymphatic invasion 0.003%%%# 15884
Present 64 13 43 8 0.98% 3 16 45 15##
Absent 67 11 36 20 0.13%% 4 17 46 185
Lymph node metastasis 0.057%% 1388
Present 43 8 30 5 0.68% 2 10 31 1 5%
Absent 88 16 49 23 0.415%# 5 23 60 135##
TNM classification 0.1653% 1855
Stage I/ 88 16 49 23 0.68% 5 23 60 15
Stage I 43 8 30 5 0.415%# 2 10 31 185
MSI status 0.16%3% 1 385
MSS 123 22 75 26 R 7 31 85 1 5%
MSI g8 2 4 2 135 0 2 6 1 35#
KRAS stats 1 385 1885
wild 69 16 40 13 0.34% 4 19 46 15
Mutation 62 8 39 15 0.445%# 3 14 45 185
BRAF status 0.7045%%# 1 S8uH
wild 124 24 75 25 0.57%# 7 31 86 1 5%
Mutation 7 0 4 3 0.728%# 0 2 5 138
0_75§§§## 1§§§##

Bold font means significant p value

SHigh/high vs others, *high/high vs low/low, $*Others vs low/low, *Chi square test, *Fisher test, **The median age at surgery is 69 years in this

cohort. p value were adjusted by Holm method

increased CD8(+) TILs (p=0.03), but other covariates were
not correlated with the number of CD8(+) TILs (Fig. 3a—d).
In addition, there was no correlation between the number of
FoxP3(+) TILs and tumoral expression or serum levels of
immune checkpoints in CRC patients (Fig. 3e-h).

Discussion
“Cancer immunotherapy” was selected as Science’s selec-

tion of Breakthrough of the Year 2013 [3], and the PD-1/
PD-L1 and CTLA-4 pathways are currently recognized
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Table 3 Multivariate analysis

. Variables Univariate Multivariate
for (a) predictors of overall
survival and (b) predictors of HR  95%CI pvalue HR  95% CI p value
disease-free survival
(a) Multivariate analysis for predictors of overall survival
Sex (male) 1.35 0.6-3.37 0.45
Age (>69)* 1.58 0.72-3.66  0.25
Histological type (undifferentiated type)  3.39  0.98-9 0.052
T classification (pT3/T4) 2.02 0.89-495 0.09
Venous invasion (present) 1.77 0.78-4.34  0.17
Lymphatic invasion (present) 1.98 0.89-4.68  0.09
Lymph node metastasis (present) 1.81 0.8-3.99  0.14
TNM classification(pStage3) 1.81 0.8-3.99  0.14
MSI status (MSS) 1.37  0.29-24.68 0.74
KRAS status (wild) 1.58 0.71-3.75 0.26
BRAF status (wild) 1.28 0.26-2294 0.8
Tumoral mPD-L1/mCTLA-4 (high/high) 4.03 1.78-8.87  0.001* 3.86 1.71-8.51  0.001*
Serum sPD-L1/sCTLA-4 (high/high) 6.12  2.01-15.38 0.003* 572 1.87-14.54 0.004*
(b) Multivariate analysis for predictors of
disease-free survival
Sex (male) 143 0.73-294  0.29
Age (>69)* 1.07 0.56-2.04 0.82
Histological type (undifferentiated type)  1.82 0.54-4.59  0.29
T classification (pT3/T4) 252 1.28-5.31  0.006% 2.15 0.984.97 0.054
Venous invasion (present) 2.14  1.09-4.51 0.02* 1.05 0.45-2.52 0.9
Lymphatic invasion (present) 226 1.17-4.56  0.01* 147 0.67-3.4 0.33
Lymph node metastasis (present) 259 1.36-494  0.004* 2.16 1.06447  0.03*
TNM classification(pStage3) 259 1.36-4.94  0.004*
MSI status (MSS) 233  0.5-41.51 0.33
KRAS status (wild) 1.17  0.62-2.26  0.61
BRAF status (wild) 233  0.5-4149 0.33
Tumoral mPD-L1/mCTLA-4 (high/high)  3.02 1.5-5.82  0.003* 253 1.23-495 0.01*
Serum sPD-L1/sCTLA-4 (high/high) 5.06 1.88-11.48 0.003* 6.88 2.42-17.13 0.0008*

Bold font means significant p value

“Median age at surgery =69 years. HR hazard ratio. 95% CI 95% confidence intervals. *p <0.05

as representative key players of immunotherapy for
malignancies among a series of immune checkpoints [4].
Emerging evidence has demonstrated the functional role of
the PD-1/PD-L1 and CTLA-4 pathways in various malig-
nancies, and the clinical impacts of tumoral membrane
expressions and soluble forms of these markers have also
been gradually elucidated [6, 7, 11-17]. The presence of
immune checkpoint expression on tumoral membrane
helps the tumor escape host immune surveillance [25].
In contrast, the soluble form of immune checkpoints has
been considered as a therapeutic target, and Ward et al.
demonstrated that blockade of soluble CTLA-4 activity
could inhibit metastatic spread in mice [26]. Therefore,
these two forms of immune checkpoints are getting atten-
tion in the cancer research field.

One major finding of our study was that the statuses
for tumoral membrane protein expression of immune

@ Springer

checkpoints in CRC tissues were significantly associated
with oncological outcome in pStage I-III CRC patients. The
role of mPD-L1 in tumor tissues was to inhibit activated T
cells by binding with the PD-1 expressed on the T cells [4,
5]. Previous cohort studies showed that high tumoral mPD-
L1 expression was significantly associated with several clin-
icopathological factors associated with disease development,
but not CD8(+) T cells in the TME of CRC patients [27, 28].
Our present study also showed that tumoral mPD-L1 expres-
sion in CRC tissues was correlated with clinicopathological
factors for local progression of primary tumor. Regarding
these results, we and several researchers verified that over-
expression of mPD-L1 in tumor cells was associated with
poor prognosis in various types of malignancies [15, 16].
In contrast, the functional role of mCTLA-4 in CRC tissues
remains unclear. CTLA-4 is normally expressed on surfaces
of regulator T cells and effector T cells. However, Contardi
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Fig.3 Correlation between tumoral membrane immune checkpoint
expression or soluble form levels of immune checkpoints in preop-
erative serum and the tumor microenvironment in CRC tissue. a—d
As for CD8(+) TILs, low expression of tumoral mCTLA-4 was sig-
nificantly correlated with increased CD8(+) TILs, and other covari-
ates were not correlated with the number of CD8(+)TILs in pStage
I-III CRC patients (tumoral mPD-L1 expression; p=0.29, tumoral

et al. demonstrated that CTLA-4 was also expressed in tumor
cells [29]. Additionally, several researchers previously veri-
fied that CTLA-4 was frequently expressed in tumor cells
immunohistochemically, and overexpression of mCTLA-4
in tumor cells was associated with worse prognosis in
malignancies [6, 7], which are consistent with our results.
Recently, Chen et al. demonstrated that tuamoral mCTLA-4
expression in breast cancer cells impeded production of
cytokines of dendric cells, and suppressed the activity of
CD8(+) cells [30]. Considering this evidence, our finding of
an inverse correlation between mCTLA-4 expression in CRC
tissue and the number of CD8(+) T cells in the TME sug-
gests that increased mCTLA-4 expression inhibits the activ-
ity of CD8(+) cells and decreases the number of CD8(+)
TILs in the TME of CRC tissues. Furthermore, based on
the pivotal role of CTLA-4 in inhibiting T cell activation
to the tumor, increased expression of tumoral mCTLA-4
accompanied with decreased CD8(+) TILs in the TME of
CRC tissues might be influenced early recurrence and poor
oncological outcome in our study.

Another major finding of this study was that the preopera-
tive serum soluble form status of both immune checkpoints
was also associated with OS and DFS in pStage I-III CRC
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sPD-L1 levels sPD-L1 levels SCTLA-4 levels sCTLA-4 levels

mCTLA-4 expression; p=0.03, serum sPD-L1 levels; p=0.8, serum
SCTLA-4 levels; p=0.32). e-h There was no correlation between
FoxP3(+) TILs and all of the evaluation items (tumoral mPD-L1
expression; p=0.58, tumoral mCTLA-4 expression; p=0.21, serum
sPD-L1 levels; p=0.87, serum sCTLA-4 levels; p=0.79) in pStage
I-1III CRC patients. *One-Way ANOVA, #Mann-Whitney U test

patients. Previous studies revealed the function of soluble
forms of PD-L1 in vitro and in vivo [11, 12]. sPD-L1 could
bind to membrane-bound PD-1, similar to PD-L1 expressed
on tumor cells, and inhibit the activation and proliferation
of T cells through negative feedback [12]. Furthermore,
patients with high serum sPD-L1 levels had higher serum
levels of IL-10, which was found to be an independent nega-
tive prognostic marker in hepatocellular carcinoma (HCC)
patients [31], than those with low serum sPD-L1 levels in
the same patient population [11]. Consistent with these evi-
dences, our study also showed that patients with elevated cir-
culating sPD-L1 levels showed a poorer prognosis compared
with those without elevated sPD-L1 levels in pStage I-III
CRC as with other types of malignancies [11, 14, 17]. On the
other hands, sCTLA-4, similar to full-length CTLA-4, can
bind to B7 costimulatory ligands on the antigen-presenting
cells to prevent B7 from combining with the costimulatory
receptor CD28 in T cells, thus inhibiting T-cell responses
[32]. Additionally, the blockade of SCTLA-4 activation was
associated with secretion of IFN-y, which enhanced anti-
tumor effects [33]. Considering these evidences, the present
study showed that the group with high preoperative serum
sCTLA-4 levels experienced a statistically poorer prognosis
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than those with low serum levels in pStage I-III CRC. Inter-
estingly, sPD-L1 and sCTLA-4 showed opposite significant
associations with lymphatic invasion of CRC patients.
Considering the functional role of circulating sSCTLA-4 in
inhibiting circulating T-cell responses [32] and our findings
that mCTLA-4 expression on tumor cells is significantly
associated with a decrease the number of CD8(+) TILs in
the TME of CRC tissues, circulating SCTLA-4 also might
influence the local involvement of lymphatic invasion via
suppression of local tumor immunity in CRC. In contrast,
several lines of studies have shown that circulating sPD-L1
binds to membrane-bound PD-1, similar to PD-L1 expressed
on tumor cells, and inhibit the activation and proliferation
of circulating T cells through negative feedback [12, 32].
However, the effect of circulating sPD-L1 on the immune
system in CRC remains unclear, and the logical reason for
the significant correlation between the absence of lymphatic
invasion and increased sPD-L1 levels cannot be determined
based on current evidence. In fact, some studies have shown
that the association is inconsistent with our finding [34, 35],
and others have demonstrated consistent findings in other
types of malignancies [14, 36]. Interestingly, several studies
have shown that the concentration of sPD-L1 is elevated in
the early stage of malignancies [14, 36] and have suggested
that circulating sPD-L1 are potentially involved in the early
steps of carcinogenesis. However, to clarify these points, we
need further research in a large cohort.

The question of where sPD-L1 derives from remains
unresolved. A previous study by Ando and colleagues
showed no correlation between tumoral mPD-L1 expres-
sion and sPD-L1 levels in the blood in non-small cell lung
cancer or gastric cancer [37]. In that study, they showed the
same tendency of serum sPD-L1 levels in concordance with
tumor regression during the treatment course with immu-
nocheckpoint inhibitors. They also suggested that sPD-L1
levels reflect the total active cancer cells in an individual.
Furthermore, other studies showed that soluble forms of
immunosuppressive molecules also could regulate T cell
activation [12, 32], as described above. The evidence pre-
sented in those reports, combined with our findings (shown
in Fig. 2), indicate that the physiological roles of tumoral
expression of immune checkpoints is to regulate T cells in
TME. In addition, the circulating soluble form of immune
checkpoints might be secreted from various cells, including
total active cancer cells, and travel around the body to regu-
late circulating T cells in blood.

Accumulating evidence has revealed the different natures
of these three molecule statuses, MSI-high, BRAF muta-
tion and KRAS mutation, in CRC [38, 39]. Currently, these
statuses are clinically used to decide the chemotherapeutic
regimens and immunotherapy in CRC patients. For exam-
ple, pembrolizumab is more effective for CRC patients with
MSI-high than those with MSS status [2], and CRC patients

with mutated KRAS do not benefit from anti-EGFR therapy
[40]. Furthermore, previous evidence revealed a significant
correlation between the BRAF mutation and MSI-high sta-
tus in CRC [41]. In addition to the clinical impact of these
molecular phenotypes, Rosenbaum et al. demonstrated that
MSI and BRAF status were associated with tumoral mPD-
L1 expression in CRC patients [42]. However, the relation-
ship between the circulating immune checkpoints levels and
molecular phenotypes in CRC have never been elucidated.
Based on these perspectives, we evaluated the association
between molecular phenotypes and PD-L1 or CTLA-4
expression (tumor and soluble) in our study. Interestingly,
there was no association between the circulating expres-
sion of immune checkpoints and these molecular subtypes
in CRC patients. Collectively, these findings suggest that
circulating levels of immune checkpoints are not influenced
by tumor molecular phenotype in CRC patients.

Several previous studies demonstrated the association
between mPD-L1 or mCTLA-4 expression on cancer cells
and TILs in the TME for various types of malignancies [14,
25, 28]. However, the influence of circulating soluble forms
of immune checkpoints for dysregulation of TME remains
unclear. Actually, previous studies showed that the circulat-
ing sPD-L1 level was not associated with the number of
TILs in HCC and gastric cancer patients [11, 14]. However,
to best of our knowledge, there has been no study to dem-
onstrate the correlation between circulating SCTLA-4 levels
and the number of TILs in solid cancer. Recently, Shin and
coworkers indicated that a local immune response could
reflect the degree of TILs in the TME and the systematic
immune response could be demonstrated from blood data
[43]. Our study showed that clinicopathological factors
or the degree of TILs were more associated with tumoral
immune checkpoint expression than circulating expression
despite the survival impact of both high tumoral membrane
and circulating expression of immune checkpoints in CRC
patients. Furthermore, our findings also showed no signifi-
cant correlation between circulating immune checkpoints
and local TILs in CRC tissues. Considering these findings,
preoperative serum soluble forms of immune checkpoints
might reflect the systemic immune response but do not
influence the local immune response to induce recurrence
in CRC.

Previous evidence demonstrated that mPD-L1 in tumor
tissues inhibited activated T cells by binding with the PD-1
expressed T cells [4, 5], and CTLA-4 bound to B7 costimu-
latory ligands on the antigen-presenting cell to inhibit T-cell
responses [32]. Although it is difficult to suspect the role
of immunocheckpoints in TME for FoxP3(+) TILs owing
to controversial clinical significance of FOXP3(+) TILs
as described above, these evidences suggest that PD-L1
expression in the TME could inhibit CD8(+) TILs, and
CTLA-4 expression in the TME might decrease the number
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of CD8(+) TILs via its inhibition effect on T cells. In fact,
despite there being no association between PD-L1 expres-
sion in the TME and the degree of CD8(+) TILs, the present
findings demonstrating that increased expression of CTLA-4
in the TME decreased the number of CD8(+) TILs in CRC
might support these hypotheses.

Interestingly, our findings also revealed that dual evalu-
ation using PD-L1 and CTLA-4 factors in both tumoral
expression and serum level statuses could identify a pop-
ulation at high risk for oncological outcome in curatively
resected CRC patients. Curran et al. demonstrated that
combination co-inhibitory receptor blockade could increase
TILs in the TME, and those cells appear to increase high
levels of inflammatory cytokines [5]. The previous clinical
trials revealed synergistic anti-tumor effect of anti-PD-L1
antibody in combination with anti-CTLA-4 antibodies in
various malignancies [9, 10]. Furthermore, the strategy of
dual immunocheckpoint inhibition is gradually expanding in
the CRC field, and Fiegle et al. demonstrated that blockade
of PD-L1 and CTLA-4 was effective at preventing tumor
growth and liver metastasis in a mouse model of colon can-
cer, since the combination therapy increased CD8(+) and
CD4(+) T cells compared with PD-L1 monotherapy [44].
Preliminary results of a recent clinical trial also showed that
nivolumab with low-dose ipilimumab provided a durable
clinical benefit with a deepening response and a manage-
able safety profile in metastatic CRC patients with MSI-High
or deficient Mismatch repair [45]. Thus, administration of
immune checkpoint inhibitors for both pathways might be
a key point for cancer immunotherapy. Although previous
studies verified the prognostic value of tumoral immune
checkpoints or those soluble forms dissolved in the blood
in either PD-L1 or CTLA-4, respectively [6, 7, 11-17], this
is the first study to examine the clinical burden of biomark-
ers that simultaneously included both the immune factors
in tumors or matched serum in CRC. Our results showed
that biomarkers that combined PD-L1 with CTLA-4 fac-
tors might have a stronger prognostic potential than single
covariates in pStage I-III CRC patients.

There are several potential limitations to this study. First,
although we successfully showed the prognostic impact of
immunocheckpoints in the TME and matched preoperative
serum in pStage [-IIT CRC patients, this study was single
institution, retrospective study. Second, blood specimens
were collected within 2 weeks before surgery, and tissue
specimens were collected when the patients received sur-
gery. Although all of enrolled patients did not receive any
treatment before surgery, these samples were actually col-
lected different timing. Third, we conducted multivariate
analysis including various covariates in relatively small
number of enrolled patients, especially small number of
cancer-related deaths. Finally, the clinical materials analyzed
in this study were solely from patients of Japanese origin. To
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overcome these limitations, a larger multicenter prospective
observation study is needed to clarify our findings in pStage
I-III CRC patients.

In conclusion, the status of tumoral membrane expres-
sion and preoperative serum soluble form levels of immune
checkpoints might be used as a pivotal prognostic biomarker
in pStage I-1II CRC patients. Furthermore, the evaluations
using tumoral expression or serum levels that combined
PD-L1 with CTLA-4 factors were more useful to predict
oncological outcome than evaluating the factors indepen-
dently in pStage I-III CRC patients.
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