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Abstract: Preliminary research results with antibody of the negative costimulatory molecule programmed cell death
ligand-1 (PD-L1) suggested its expression on tumor cells associated with various tumor grade and postoperative
prognosis. However, to date, there is no information of PD-L1 expression in colorectal serrated adenocarcinoma
(SAC) and its clinical relevance. Therefore, the purpose of this study is to investigate the clinical significance of
PD-L1 expression in a large cohort of patients with SAC. Here, we first retrospectively identified all SAC collected at
our institution between August 2008 and May 2013. The expression levels of PD-L1 were examined by immunohis-
tochemistry in 120 patients with SAC. We further evaluated the correlation between expression data and clinical
parameters, including patient age, sex, tumor size, location, grade, primary tumor classification (pT), lymph node
metastasis (pN), distant metastases (pM), and vascular invasion. Strong PD-L1 expression was detected in 25% of
SAC. Higher expression of PD-L1 was significantly associated with pN (P=0.003) and pM (P=0.014). Survival analy-
sis showed that patients with higher expression of PD-L1 had a poorer prognosis (P=0.045). However, multivariate
regression analysis did not support PD-L1 as an independent prognostic factor (P=0.430). Our data suggest that
PD-L1 may represent a new biomarker of metastasis and prognosis for patients with SAC, but as a target in the
treatment of SAC is less certain.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon cancer in men and women worldwide [1].
In the United States, it is the second leading
cause of cancer mortality, exceeded only lung
cancer [2]. At present, we understand that CRC
is a highly heterogeneous disease character-
ized by the biological diversity [3]. That means
CRC develops as a result of the successive
accumulation of multiple molecular factors
such as mutation in K-RAS genes and MSI sta-
tus [4]. It seems that molecular variability leads
to more complicated mechanism of CRC. On
the other hand, some key molecular alterations
can be used as biomarker to predict prognosis,
and even therapeutic target [5]. For example,
anti-EGFR monoclonal antibodies is used to
treat the patients with metastatic CRC [6].

Therefore, the massive molecules are investi-
gated as factors associated with poor progno-
sis in CRC.

It was recently reported that programmed cell
death 1ligand 1 (PD-L1) are exploited by tumors
to evade immune attack. PD-L1, also known as
CD274 and B7-H1, is one of B7 family members
and broadly expressed on activated T cells, B
cells, macrophages, dendritic cells (DC), and
some nonimmune cells including human
tumors. Programmed cell death 1 (PD1), the
receptor for PD-L1, is a member of the CD28
family and highly expressed on T cells when
they become activated [7]. In addition, PD1 can
also be induced on activated B cells and NK
(natural killer) cells [8, 9]. In many different
human tumors, PD1 is broadly distributed on
tumor infiltrating lymphocytes (TILs) [10, 11].
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Figure 1. (A) The photomicrograph of colorectal serrated adenocarcinoma (SAC). Moderately differentiated SAC
showing tufting serration of the epithelium together with abundant cytoplasm (H&Ex 200). (B-D) Immunohisto-
chemical staining of SAC with intensity score 1 (B), score 2 (C), and score 3 (D) expression of PD-L1 are shown (x
200 magpnification in all).

Simultaneously, PD-L1 is commonly induced by
inflammatory cytokines (such as IFN-y) and
expressed on the tumor cell surface. Then,
PD-L1 binds to PD1 that is expressed on TILs.
Finally, the molecular interaction between
PD-L1 and PD1 maybe inhibit T cell activation
[12-15]. Such combination appears as a possi-
ble immune resistance mechanism within the
tumor microenvironment [13, 16]. Thus, PD-L1
is studied as a potent target for T-cell inhibitory
mechanisms in many cancers. Recently, a
series of articles reported that PD-L1 is
expressed in several human cancers, and the
expression was associated with poor prognosis
in kidney, gastric, breast, ovarian, and esopha-
geal carcinomas [17-21]. Currently, the function
of PD-L1 in CRC remains largely unknown and
only a few recent reports have showed that
PD-L1 may be correlated with prognosis in
patients with CRC. Song et al. [22] examined
the expression of PD-L1 on CRC by immunohis-
tochemistry (IHC) and assessed the correlation
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of PD-L1 expression with clinical parameters
including overall survival rate (0S). Then the
univariate analysis suggested that patients
with high PD-L1 expression had a poor OS.

Colorectal serrated adenocarcinoma (SAC) is
determined as a new subtype of CRC by the lat-
est WHO classification of tumors of the diges-
tive system and characterized histologically by
epithelial serrations, clear or eosinophilic cyto-
plasm, abundant cytoplasm, and so on [23,
24]. Compared with conventional CRC (cCRC),
SAC possess uniqgue molecular features includ-
ing B-RAF mutation, CpG island methylation
phenotype (CIMP), and microsatellite instability
(MSI). Moreover, SAC has a worse prognosis
than cCRC according to the report of Jose et al.
[25]. However, no data are available on the
expression of PD-L1 in SAC. Therefore, we
investigated the PD-L1 expression in SAC and
analyzed the possible clinical significance.
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Table 1. Demographic and pathological characteristics
of the patients with colorectal serrated adenocarcinoma

(n=120)
Variable Frequency n (%)
Age (years) <55 23 (19.2)
>55 7 (80.8)
Genders Male 1(59.2)
Female 9 (40.8)
Tumor diameter (cm) <b 6 (55.0)
>5 4 (45.0)
Tumor location Distal/rectum 9 (65.8)
Proximal 41 (34.2)
Tumor grade G1 8 (15.0)
G2 5(79.2)
G3 7 (5.8)
Primary tumor classification(pT) T1 6 (5.0)
T2 11 (9.2)
T3 79 (65.8)
T4 24 (20.0)
Lymph node metastasis(pN) NO 68 (56.7)
N1 33 (27.5)
N2 19 (15.8)
Distant metastasis MO 101 (84.2)
M1 19 (15.8)
Vascular invasion Absent 100 (83.3)
Present 20 (16.7)
Median follow-up time (months) SAC 39

Materials and methods
Patients and samples

In present study, a total of 1367 tumor colorec-
tal tissue samples were obtained from the
Department of Pathology of the Shanghai
Tongji Hospital Affiliated to Tongji University
School of Medicine (Shanghai, China). All 1367
patients had been diagnosed with CRC and
underwent initial surgical resection between
August 2008 and May 2013. These CRC speci-
mens were reviewed to screen for SAC by two
expert gastrointestinal pathologists. SAC were
diagnosed by using the criteria proposed by
Makinen [24].

The demographic and clinicopathological data
of all SAC were collected, including patient age,
sex, tumor size, location, grade, primary tumor
classification (pT), lymph node metastasis (pN),
distant metastases (pM), vascular invasion,
and survival time by searching in the medical
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records and telephone follow-ups.
This study was conducted with the
approval of the Ethics Committee at
Tongji Hospital, Tongji University
School of Medicine, Shanghai.

Immunohistochemistry

Standard immunohistochemical stain-
ing was performed using monoclonal
antibodies specific for human PD-L1
(Abcam, Cambridge, UK). Briefly, for-
malin-fixed, paraffin-embedded sam-
ples of SAC were cut into 5-um sec-
tions and adhered to the silanized
glass slides. The tissue sections were
deparaffinized in xylene and dehydrat-
ed through graded alcohols (100%,
95%, 75%). For antigen retrieval, the
slides were boiled in tris-EDTA (pH 9.0)
by microwaves. Then the sections
were treated with 3% H,0O, for 15 min
to block endogenous peroxidase activ-
ity and rabbit serum to reduce non-
specific binding. Subsequently, the
sections were incubated with PD-L1
monoclonal antibody (diluted 1:100)
overnight at 4°C. Then they were
washed and incubated with peroxi-
dase-linked goat anti-rabbit second-
ary antibody (DakoCytomation, Glo-
strup, Denmark) for PD-L1 staining.

Lastly, the slides were immersed in 3, 3’-diami-
nobenzidine (DAB) for signal generation and
counterstained with hematoxylin.

To evaluate evaluation the correlation between
PD-L1 expression and clinicopathological fea-
tures, two independent pathologists without
prior information of patient outcome examined
the immunohistochemical slides on the basis
of criteria published by previous reports [21,
26]. Briefly, diffuse cytoplasmic staining in epi-
thelial tumor cells was considered positive .
Quantification of the stained area was made as
follows: 1 < 33% of the tumor cells, 2 = between
33% and 66% of the tumor cells, 3 > 66% of the
tumor cells. The staining intensity was stated
as: 1 = absent or weak, 2 = moderate, 3 =
strong. Whereas staining grade for PD-L1 were
calculated according to the multiplication of the
area and intensity scores. Staining with final
scores of less than 4 was the low-expression

group.
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Table 2. Association between PD-L1 expression level and

Statistical analyses

clinical pathological features in the patients with colorectal

serrated adenocarcinoma (n=120)

Statistical analyses were per-

PD-L1 expression

formed by using SPSS 17.0 (SPSS

Inc, Chicago, IL). The associations

Variable n Low (%) High (%) Pvalue between PD-L1 expression (high
Age (years) 0.349 or low) and clinicopathologic
<55 23 19 4 (17.4) parameters were done by x2 test
255 97 71 26 (26.8) (N > 5) or Fisher’s exact test (N <
Genders 0.335 5). Two sided p values were calcu-
Male 71 51 20 (28.2) lated and P < 0.05 was consid-
Female 49 39 10(20.4) ered significant. OS was analyzed
Tumor diameter (cm) 0.832 by the log rank test, and Kaplan-
<5 66 50 16 (24.2) Meier curves were gen.erated. Thfe
>5 54 20 14 (25.9) Cog—regressmn ana_ly3|§, both uni-

. variate and multivariate, were

Tumor location 0.096 . . .

) used to identify the independency
Distal/rectum 79 63 16(203) of PD-L1 expression status. Both
Proximal 4 27 14341 hazards ratios (HR) and 95% con-

Tumor grade 0.376 fidence intervals (Cl) were dis-
G1 18 15 3(16.7) played for the prognostic effect of
G2+G3 102 75 27 (26.5) PD-L1 expression on survival

Primary tumor classification (pT) 0.174 time. P < 0.05 was considered to
T1+T2 17 15 2(11.8) be statistically significant.

T3+T4 103 75 28 (27.2) Results

Lymph node metastasis (pN) 0.003
NO 68 58 10 (14.7) Clinical profiles of the patients
N1+N2 52 32 20 (38.5)

Distant metastases (pM) 0.014 Among 1367 tissue samples of
MO 101 81 20 (20.8) CRC, 120 cases .were f:la§sified
M1 19 10 9 (47.4) as SACon the basis of cntenq prp-

) ) posed by prior established criteria

Vascular invasion 0258 [24]. Figure 1A shows the photo-
Absent 100 77 23(23.0) micrograph of SAC. Briefly, SAC
Present 20 13 7(35.0) are characterized by epithelial

serrations, clear or eosinophilic
and abundant cytoplasm, the

1.07 nuclei are vesicular and basal, and mucinous

— 08 Ik , differentiation. In addition, necrosis is usually

s "y s PO-L1 Low absent. In this study, 120 SAC were found from

£ 06 B 1367 CRC, and the frequency of SAC is 8.7% of

» all CRC. Table 1 shows the clinical features of

§ 0.4+ the patients with SAC. Overall, the average age

3 —*=| PD-L11 High was 67.0+13.0 years, and the patients with
0.2 older age (= 55 years, 97/120, 80.8%) had a
0.0 P=0‘045| . . . tendency of SAC. Moreover, SAC were more

0 20 40 60 80 likely to be located in distal colon and rectum

months after operation

Figure 2. Association of PD-L1 expression with over-
all survival (0S) in 120 patients with colorectal ser-
rated adenocarcinomas. The OS was significantly
lower in PD-L1-higher-expression patients compared
with PD-L1-lower-expression patients (P = 0.045).
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(79/120, 65.8%). Of 120 SAC, 18 (15.0%), 95
(79.2%), and 7 (5.8%) were diagnosed as grade
of high (G1), medium (G2), and low (G3), respec-
tively. Toward the end of the present study, the
median follow-up time was 39 months for
patients with SAC.
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Table 3. Univariate and multivariate Cox-regression analysis showing factors including PD-L1 expres-
sion on the cancer-specific death of the patients with colorectal serrated adenocarcinoma (n=120)

Overall survival,

Overall survival,

Variable n Univariate risk ratio P value Multivariate risk ratio Pvalue

PD-L1 0.021 0.430
Low 92 1 1
High 28 2.304 (1.133-4.684) 0.692 (0.277-1.729)

Age (years) 0.119 0.282
<5b5 23 1 1
>55 97 2.567 (0.786-8.387) 2.011 (0.564-7.175)

Genders 0.708 0.680
Male 71 1 1
Female 49 1.139 (0.577-2.247) 1.180 (0.537-2.594)

Tumor diameter (cm) 0.254 0.492
<5 66 1 1
>5 54 1.471 (0.757-2.858) 0.764 (0.354-1.648)

Tumor location 0.001 0.157
Distal/rectum 79 1 1
Proximal 29 3.086 (1.573-6.052) 1.825 (0.793-4.197)

Tumor grade 0.114 0.251
Gl 18 1 1
G2+G3 102 2.606 (0.795-8.544) 2.152 (0.581-7.968)

Primary tumor classification (pT) 0.103 0.698
T1+T2 17 1 1
T3+T4 103 3.280 (0.786-13.684) 1.352 (0 .295-6.205)

Lymph node metastasis (pN) 0.006 0.178
NO 68 1 1
N1+N2 52 2.578 (1.305-5.092) 1.725 (0.780-3.814)

Distant metastasis (pM) <0.001 <0.001
MO 101 1 1
M1 19 6.408 (3.268-12.565) 4.863 (2.053-11.521)

Vascular invasion 0.493 0.406
Absent 100 1
Present 20 1.337 (0.583-3.064) 1.449 (0.604-3.479)

Correlation between PD-L1 expression and
clinicopathological parameters

Representative examples of PD-L1 staining are
shown in Figure 1B-D. PD-L1 was observed in
TILs, importantly, in epithelial cells of tumor
cells. Among 120 tissue samples, the PD-L1
staining intensity was scored as 1, 2, and 3 in
83 (69.2%), 21 (17.5%), and 16 (13.3%) cases,
respectively. In addition, the stained area in
cancer cells was scored as 1, 2, and 3 in 76
(63.3%), 21 (17.5%), and 23 (19.2%) cases.
Accordingly, the proportion of high expression
(final scores > 4) was 25.0% for PD-L1.

Furthermore, we analyzed PD-L1 expression in
120 tumor tissues of SAC and their clinicopath-
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ologic characteristics are shown in Table 2.
Among the various clinicopathological parame-
ters, pN (P = 0.003) was statistically significant
correlation with the higher expression of PD-L1.
Importantly, the patients with strong PD-L1
expression were more inclined to pM (P =
0.014). However, PD-L1 expression were not
found to be significantly associated with other
clinicopathological features such as age, gen-
der, tumor diameter, tumor location, tumor
grade, pT, and vascular invasion.

Prognostic significance of PD-L1 expression

At the end of follow-up, 16 patients had been
lost and 35 patients had died of SAC. As already
mentioned, the median follow-up time was 39

Int J Clin Exp Pathol 2015;8(8):9351-9359
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months for patients with SAC. The survival anal-
ysis of Kaplan-Meier showed that the 3-year
survival rate of patients with high PD-L1 expres-
sion (58.4%) was worse than that with low
expression (72.5%). Moreover, the Kaplan-
Meier curve and log rank test demonstrated
that the high PD-L1 expression in tumor cells
were associated with poor OS in SAC (Figure 2,
P = 0.045). However, multivariate analysis by
the Cox hazard model revealed that PD-L1 was
not an independent prognostic factor for OS of
the patients with SAC (Table 3, P = 0.430).

Discussion

In 1992, Jass et al. [27] found that five colorec-
tal cancers with serrated features resembled
the hyperplastic polyp both morphologically
and histochemically, then SAC first were
described. Subsequently, histological criteria
for diagnosis of SAC have been finally proposed
by Makinen et al. [28]. Furthermore, Laiho et al.
[29] examined the unique molecular character-
istics distinguishing SAC from cCRC by unsu-
pervised hierarchical clustering and IHC. In
results, ephrin receptor B2 (EPHB2), hypoxia-
inducible factor l1-alpha (HIF1-&) and patched
(PTCH) were identified as proteins important for
genesis of SAC. In addition, some biological
behave, including loss of hMLH1 and MGMT,
CIMP, MSI, and B-RAF mutation, have also been
approved to play an important role in hyper-
plastic polyp-serrated adenoma-carcinoma
(“serrated”) pathway of tumorigenesis [30, 31].
Recently, SAC is determined as a new subtype
of CRC by the latest WHO classification of
tumors of the digestive system [23]. On the
basis of different estimates, the incidence of
SAC are highly variable and the frequency rang-
es from 1.5%-12% by morphologic investiga-
tions [31, 32], or 10%-20% by molecular fea-
tures [33]. Moreover, SAC has been verified to
have a poorer prognosis than cCRC [25]. Based
on the above reporters, it suggests that SAC
may need to develop more specific therapeutic
modalities and follow-up. The costimulatory
molecule PD-L1 is well known as a potential
target of antitumor immunity in many human
cancers [17-21]. To date, little is known about
the expression of PD-L1 in SAC. The aim of
present study was to investigate the expression
of PD-L1 in a cohort of SAC samples and to esti-
mate its clinical significant.

Here we showed that the cell cytoplasm and
membrane of SAC tumor cells do express abun-
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dant PD-L1. Strong PD-L1 was expressed on
25.0% SAC. Expectedly, high PD-L1 expression
in SAC was significantly associated with pN and
pM. Although the multivariate analysis did not
support PD-L1 as an independent prognostic
factor, the Kaplan-Meier curve and log rank
test demonstrated that the patients with high
PD-L1 expression had a poor overall survival
after enterectomy. Therefore, our results sug-
gest that PD-L1 play an adverse role in the pro-
gression of SAC. Simultaneously, our data is
also consistent with reports on PD-L1 in other
human tumors. In the study on renal cell carci-
noma by Thompson et al. [17], patients with
high PD-L level were more likely to have poor
prognosis. In gastric carcinoma, PD-L1 expres-
sion was significantly associated with tumor
size, invasion, pN, and survival time of patients
[18]. Resembled results were also found in
ovarian cancer, and the expression of PD-L1 on
tumor cells were considered as an independent
prognostic factors [20]. In addition, the patients
with pancreatic cancer and positive PD-L1 had
a poorer prognosis than negative, and the
PD-L1 monoclonal antibody generated signifi-
cantly therapeutic efficacy on murine pancre-
atic cancer in vivo [34].

As stated above, the most important finding is
that PD-L1 is a significant independent prog-
nostic factor in variable human tumors. To date,
the underlying mechanism has not been deter-
mined. Base on previous report, the limited
activation of tumor-reactive T cells by PD-L1
may be a critical mechanism [7, 14, 35-39].
Briefly, PD-L1 is expressed on the tumor cell
surface and frequently induced by inflammato-
ry cytokines (such as IFN-y). Subsequently, the
combination of PD-L1 and PD1 expressed on
TILs maybe limit the activity of T cells, and anti-
tumour immune within the tumor microenviron-
ment is finally inhibited. Notably, this mecha-
nism showed that the induction of PD-L1
expression was primary. However, some recent
studies suggested that PD-L1 expression was
regulated by different pathways in different
types of tumors [22, 40]. For instance, PD-L1
expression may be partly regulated by PTEN
and not be affected by IFN-y in CRC [22].

Although our data clearly indicated that the
high PD-L1 expression were associated with
severe prognosis in SAC, multivariate analysis
did not supported PD-L1 as a strong prognostic
factor. This result was similar to the previous
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report on CRC by Song et al. [22]. Based on pre-
vious and present results, there may be some
possible explanations for this negative data.
First, it is well known that there are a lot of
microbes in the human gut. The research by
Wesemann et al. [41] showed that these com-
mensal microbes within the gut not only regu-
late the activity of T cell, but also influence the
early B cell development. Based on this pat-
tern, the intestinal immune system is modulat-
ed by the intestinal microbiome. When the
diversity of intestinal microbiota is altered by
some abnormal status (such as antibiotic expo-
sure, obesity, and intestinal inflammation), the
immunologic function would generate shift
accordingly [42-44]. So the intestinal dysfunc-
tion as a consequence of CRC may modify the
intestinal immune system [45], which is possi-
bly one explanation for the negative data by
multivariate analysis. Second, PD-L1, as a pos-
sible candidate checkpoint for T-cell inhibitory
mechanism in tumor cell, is commonly induced
by IFN-y and Toll-like receptor (TLR) via a MEK/
ERK-dependent and MyD88/TRAF6-dependent
pathway [40]. As mentioned, PD-L1 expression
was regulated by different pathways in different
types of tumors [22, 40]. Unlike many other
tumors, PD-L1 expression is independently
associated with the PTEN loss in CRC [22]. It
may cause that low PD-L1 expression does not
appear to improve survival of the patients with
SAC.

In this study, there are several limitations. At
present, there is no the consistent criteria for
SAC diagnosis. Therefore, it cannot avoid selec-
tion inaccurate. Although we strictly diagnose
SAC based on prior established criteria [24]
and try our best to minimize diagnostic error.
Notably, our CRC originally were 1367 in total.
But only 120 SAC cases were collected for this
investigation after multiple rounds of selection.
It is another limitation in this study.

Taken together, the most important results in
present study contribute to the correlation
between PD-L1 expression and clinical param-
eters in SAC. Finally, current findings indicate
that strong PD-L1 expression can promote SAC
metastasis and mortality, suggesting that
PD-L1 may represent a new biomarker of
metastasis and prognosis for patients with
SAC. However, PD-L1 as a target in the treat-
ment of SAC is less certain due to the negative
results of multivariate analysis. Therefore, fur-
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ther study is warranted to clarify immune
escape mechanisms via PD-L1/TILs in SAC.
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