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Colorectal cancer is the third most common cancer worldwide and the second
cause of death from malignant tumors. Colorectal cancers are treated with sur-
gery, chemotherapy, gene therapy and immunotherapy. PD-1 and PD-L1 proteins
have recently been considered as potential targets of anticancer therapy in col-
orectal cancer. The aim of this study was to evaluate the association of immu-
nohistochemical expression of PD-1 and PD-L1 proteins in colorectal cancer
patients with selected clinical and morphological parameters and their survival.
Ninety-eight cases of colorectal cancer were studied. Immunohistochemistry was
used to evaluate the expression of PD-1 and PD-L1 proteins. Correlations were found
between the expression of PD-L1 protein in lymphocytes and lack of lymph node me-
tastases and alower clinical stage. There was also a correlation between PD-L1 protein

expression in cancer cells and a higher grade of histological malignancy.
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Introduction

Colorectal cancer is the third most common can-
cer worldwide and the second cause of death from
malignant tumors {1-3}. Colorectal cancers, de-
pending on their clinical stage, are treated with
surgery, chemotherapy and personalized therapy
— gene therapy and immunotherapy [4-6}. Cancer
cells have developed mechanisms that allow them
to avoid the body’s defense reaction {7, 8}. It is
possible through a number of mechanisms, includ-

ing the use of inhibitory pathways at key immune
points. One such point is the PD-1/PD-L1 pathway
[9, 10}. In the treatment of many types of cancer,
the use of the PD-1/PDL1 pathway is a therapeutic
breakthrough [6}. PD-1 (programmed cell death
protein 1), also known as CD279 {11}, is a mem-
brane protein found on the surface of T lymphocytes,
involved in the process of cell apoptosis {12, 13].
PD-L1 is a ligand of the PD-1 protein — a key im-
munoregulatory molecule that suppresses the cyto-
toxic immune response of CD8-positive lymphocytes
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Fig. 1. Targeted therapy with monoclonal antibodies that block PD-1 and PD-L1 proteins

{14, 151. Cancer cells and antigen-presenting cells ex-
press the PD-L1 ligand, as well as the second ligand
of the PD-1 receptor, which is the PD-L2 protein
[9, 16, 17]. The PD-1 and PD-L1 proteins are critical
immune checkpoint proteins that are responsible for
the negative regulation of the integrity and stability
of the immune function of T lymphocytes [18-201.

Expression of PD-L1 ligand leads to the escape
of tumor cells from immune control systems [21-231.
Anti-PD-1 and anti-PD-L1 monoclonal antibod-
ies block the binding of PD-1 protein to its ligand
(Fig. 1). Studies have shown that blockade
of the PD-1/PD-L1 checkpoint using specific anti-
bodies restores the anti-cancer activity of cytotoxic
T-cells specific for the cancer antigen, which allows
for therapeutic actions in patients with colorectal
cancer {24}. The aim of this study was to evaluate
the association of immunohistochemical expression
of PD-1 and PD-L1 proteins with selected clinical
and morphological parameters in patients with col-
orectal cancer and their survival.

Material and methods

The study included a group of 98 patients with
a histopathologically confirmed diagnosis of colorectal
cancer. Histological examinations of patients operated
on in 2017 at the Department of General and Onco-
logical Surgery and the Department of General and
Gastroenterological Surgery of the Pomeranian Med-
ical University in Szczecin were performed at the De-
partment of Pathomorphology of the Pomeranian
Medical University in Szczecin. The study design was
approved by the local ethics committee of the univer-
sity hospital. The survival data were obtained from
the death register by the Systems Management De-
partment of the Ministry of Digitization of the Re-
public of Poland. The clinical and morphological char-
acteristics of the study group are presented in Table 1.

The technique of tissue microarray (TMA) made
of paraffin blocks containing material collected for
routine histopathological examination from a post-

operative preparation fixed in 10% formalin and em-
bedded in paraffin was used in the study {25-271.
Representative regions from the primary histopatho-
logical specimen stained with hematoxylin and eosin
were taken. Then the manual tissue arrayer (Beecher
Instruments, Silver Spring, MD, USA) was used to
prepare TMA. The histological preparations of in-
testinal tumors were also evaluated for the presence
of tumor budding and the presence of lymphocytes
penetrating the tumor tissue and infiltrating the tu-
mor area (TIL) in 1 mm?. In the case of TIL, “+” was
defined as present (> 30%) and “~” as absence of TIL
(< 30%) {28}, while the presence of tumor budding
was defined as “+” when there were single tumor
cells or small clusters of up to 5 cells in the stroma
at the periphery of the tumor and “~” as the absence
of this phenomenon {29}. In addition, in 28 patients
whose KRAS gene status was assessed for diagnostic
purposes, the relationship between KRAS gene status
and the expression of PD-1 and PD-L1 proteins in
cancer cells and in TIL was examined. To evaluate
the expression of PD-1 and PD-L1 proteins, immu-
nohistochemical staining was performed using mono-
clonal antibodies against the mentioned proteins.
A mouse monoclonal antibody (NAT105; Roche
Diagnostics Poland; catalog no. 07099029001) was
used to assess PD-1 receptor expression. For the eval-
uation of PD-L1 ligand expression, a rabbit mono-
clonal antibody against PD-L1 (VENTANA SP263;
Roche Diagnostics Polska; catalog no. 07419821001)
was used. Those antibodies were optimally diluted to
a form compatible with VENTANA detection kits
and BenchMark devices (Roche Diagnostics Polska).

The presence of PD-1 protein expression in lym-
phocytes and PD-L1 in cancer cells and/or lympho-
cytes in stained immunohistochemical slides was first
evaluated by an experienced pathomorphologist, and
then virtual image analysis was used to standardize
and unify the results. The slides were scanned using
an APERIO CS scanner (Aperio Technologies Inc.
California, USA). For image analysis, software that
applies staining evaluation algorithms directly to
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Table 1. Characteristics of the study group

PARAMETERS VALUE, N = 98(%)
Gender
Female 41 (41.84)
Male 57 (58.16)
Age
Range 37-92
Mean 69 > 69 50 (51.02)
< 69 48 (48.98)
Median 70
Tumor location
Right-sided 37 (37.76)
Left-sided 61 (62.24)
Clinical stage
I 13 (13.27)
II 32(32.65)
111 49 (50.00)
v 4 (4.08)
Infiltration depth (T)
T2 17 (17.35)
T3 57 (58.16)
T4 24 (24.49)
Histological malignancy grade (G)
Gl 3 (3.06)
G2 89 (90.82)
G3 6 (6.12)
Status of surrounding lymph nodes (N)
NO 45 (45.92%)
N1 + N2 53 (54.08)
Tumor budding
0 38 (38.77)
1 60 (61.22)
Lymphocytic infiltration
In the tumor 0 71 (72.44)
1 27 (27.55)
In the tumor area 0 63 (64.29)
1 35(35.71)
KRAS gene status, » = 28 (%)
Mut 14 (50.00)
wt 14 (50.00)

0 = absent, 1 = present, mut — presence of mutation, wt — absence of mutation
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Fig. 2. PD-1 protein expression in the cytoplasm of lym-
phocytes infiltrating the tumor tissue (IHC staining,
20X magnification)

the scanned image (Image Scope Version 11.2.0.780;
Aperio Technologies, Inc. 2003—-2012) was used.

In the case of a cytoplasmic reaction, the cytoplas-
mic v2 algorithm allows for assessment of the per-
centage of cells expressing a given protein, as well
as for assessing the intensity of staining of these cells
(lack of reaction (0), weak reaction (14), medium
intensity reaction (2+), strong reaction (3+)). In
the case of the PD-1 protein, the reaction was eval-
uated in lymphocytes infiltrating the tumor tissue
(Fig. 2). The expression of a given protein was evalu-
ated according to the H-score {30, 31}:

H-score = 1 x (% of 1+ cells) + 2 x (% of 2+
cells) + 3 x (% of 3+ cells).

The score has a range of 0-300.

For the membrane reaction, we used the mem-
brane v9 algorithm designed to assess HER2 receptor
status, which is also recommended to assess the ex-
pression of other proteins in the cell membrane. This

algorithm, like the previous one, allows for assess-
ment of the percentage of cells expressing a given pro-
tein, as well as for assessing the intensity of staining
of these cells (0, 1+, 2+, 3+). In the case of PD-L1
protein, expression was assessed in the membrane
of cancer cells (Fig. 3A) and lymphocytes infiltrat-
ing the tumor tissue (Fig. 3B). For further analysis,
the H-score formula described earlier was used.

The normality of the distributions of all vari-
ables was checked by the Shapiro-Wilk test. These
variables were described by means, standard devia-
tions, medians, and minimum and maximum values.
The statistical differences between the two groups
were checked with the Mann-Whitney U test.
The Kruskal-Wallis test was used to compare more
than two groups. Spearman’s rank correlation
was used to test the correlation between variables.
The results were described by the correlation coef-
ficient r and the probability of p. Survival analysis
was prepared using the log-rank (Mantel-Cox) test
(p*) and Gehan-Breslow-Wilcoxon test (p). All tests
were performed using GraphPad Prism 8 software.
The statistically significant differences in all the tests
performed were those for which the probability was
lower than 0.05.

Results

Immunohistochemical expression of PD-1
and PD-L1 proteins

Expression of PD-1 protein, which was studied
in lymphocytes accompanying tumor infiltration
in the intestinal wall, was found in 29 (29.59%)
of the cases studied. PD-L1 ligand expression was
studied in lymphocytes, as well as in colon cancer

Fig. 3. PD-L1 protein expression. A) In the cell membrane of cancer cells. B) In the cell membrane of lymphocytes sur-
rounding the cancer tubule (IHC staining, 20 X magnification)
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Table 2. Distribution of PD-1 protein and PD-L1 protein expression (7 = 98)

PARAMETERS N(+) N(-) MinN. MAX. MEAN MEDIAN SD

PD-1 29 69 0.00 108.95 6.29 0.00 16.84
PD-L1 tumor cells 7 91 0.00 227.15 9.62 0.00 37.81
PD-L1 lymphocytes 43 55 0.00 131.22 36.98 0.00 45.02

N(+) — number of cases with positive expression of the rest protein, N(=) — number of cases with no expression of the test protein

cells. PD-L1 protein expression was found in lym-
phocytes in 43 (43.88%) cases, and in cancer cells in
7 (7.14%) cases (Table 2).

Immunohistochemical expression of PD-1
and PD-L1 proteins and selected clinical
and morphological parameters

The results are shown in Tables 3 and 4.

Immunohistochemical expression of PD-1
and PD-L1 proteins and patient survival

It was found that the expression of the PD-1
protein had a statistically significant impact on
the patient survival in the first year after the diag-
nosis — 100% survival in patients with expression
of the PD-1 protein (¢ = 0.018). However, there was
no statistically significant relationship between PD-1
protein expression and patient survival at 5 years after
diagnosis. There was no statistically significant re-
lationship between patient survival and PD-L1 pro-
tein expression in either cancer cells or lymphocytes.
These data are presented in Figures 4 and 5.

Discussion

The interactions of PD-1 and PD-L1 involve im-
munosuppressive processes in the tumor growth en-
vironment. In the last decade, monoclonal antibody
therapy (anti-PD-1/anti-PD-L1) has been introduced
to block the pro-tumor activity of this checkpoint.
The use of PD-1/PD-L1 inhibitors is expected to
block the anti-tumor activity of this complex {32, 331.
The expression of PD-L1 protein on the surface
of cancer cells and PD-1 protein in lymphocytes
accompanying the cancer infiltrate is an important
predictive indicator for anti-PD-1 and anti-PD-L1
antibody therapy [34}. However, a clinical response
to anti-PD-1/PD-L1 therapy is observed in only a mi-
nority of patients. Targeting DNA synthesis and rep-
lication through chemotherapy results in the elimina-
tion of cancer cells, while blocking the PD-1/PD-L1
checkpoint stimulates tumor-specific T-cells. This
is because cell death is followed by an increase in
the presence of tumor antigens, which stimulates lym-
phocytes [351. Thus, taking this process into account,
it seems that an appropriate combination of chemo-
therapeutic treatment with PD-1/PD-L1 inhibitors
may lead to an increase in treatment efficacy especially
in patients with less immunogenic and chemotherapy-

sensitive tumors {18}. In addition, studies indicate
that the use of PD-1 and PD-L1 inhibitors combined
with radiotherapy in patients with advanced non-
small cell lung cancer (NSCLC) improves both over-
all survival and recurrence-free survival. Geng et a/.
found that the use of PD-1/PD-L1 inhibitors after
radiotherapy was more beneficial than concurrent
PD-1/PD-L1 inhibitor therapy with radiotherapy or
the use of radiotherapy after PD-1/PD-L1 inhibitors
[36]. This result is in line with the theory that ra-
diotherapy causes double-stranded DNA breaks and
increases CD8+ T-cell infiltration, which in turn in-
creases PD-L1 protein expression {[36-391.

The aim of the present study was to compare
the expression of PD-1 and PD-L1 proteins in pa-
tients with colorectal cancer with clinical and mor-
phological parameters, KRAS gene status, tumor
budding, and patient’s survival. An immunohisto-
chemical method was used to evaluate the expression
of PD-1 and PD-L1 proteins.

A similar study related to PD-L1 protein expres-
sion in colorectal cancer was conducted by Shan ez 4/,
demonstrating immunohistochemically the presence
of expression in 42.5% of colorectal cancer cases stud-
ied. The authors found a positive correlation of PD-L1
expression with the occurrence of lymph node me-
tastasis, distant metastasis, and the depth of tumor
infiltration. However, there was no correlation with
gender or the degree of histological differentiation
of the tumor {40}, which in turn were found in
the present study. On the other hand, Masugi and
his team analyzed the occurrence of PD-L1 protein
expression in both tumor cells and the stroma, where
89% and 5% of cases, respectively, showed expression
[41]. That is the opposite of the present study, where
PD-L1 protein expression in cancer cells was observed
in a lower percentage of cases than in lymphocytes, i.e.
7.1% of cases with PD-L1 expression in cancer cells
and 43.9% of cases with expression in lymphocytes.
Masugi studied the correlation of PD-L1 protein ex-
pression with the density of FOXP3 cells {41}, which
are regulatory T-cells that play an important role in
inhibiting the anti-tumor response {42]. This rela-
tionship was found to be inversely related to PD-L1
protein expression in colorectal cancers, which may
suggest an effect of PD-L1-expressing cancer cells
on regulatory T-cells in the tumor microenvironment
[41}. Zhao and his team also found a statistically sig-
nificant correlation between regulatory T-cell infil-
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Table 3. Relationship between PD-1 and PD-L1 protein expression and selected clinical and morphological parameters

PARAMETERS NUMBER PD-1 PD-L1 TUMOR CELLS PD-L1 LYMPHOCYTES
N0=F Cgf:;"(“:;;) P-VALUE

Gender
Female 41 (41.84) 0.5051 0.018 0.5532
Male 57 (58.16)

Age
< 69 48 (48.98) 0.0036 0.9918 0.4101
> 69 50 (51.02)

Tumor location
Right-sided 37 (37.76) 0.9926 0.1002 0.0963
Left-sided 61 (62.24)

Clinical stage
I 13 (13.27) 0.0112 0.9049 0.0428
1I 32 (32.65)
111 49 (50.00)
v 4 (4.08)

Infiltration depth (T)
T2 17 (17.35) 0.2677 0.5349 0.6153
T3 57 (58.16)
T4 24 (24.49)

Histological malignancy grade (G)
G1 3 (3.06) 0.876 0.0457 0.2369
G2 89 (90.82)
G3 6(6.12)

Status of surrounding lymph nodes (N)
NO 45 (45.92) 0.0073 0.6492 0.0045
N1 + N2 53 (54.08)

KRAS gene status (n = 28)
Mut 14 (50.00) 0.0019 - 0.3083
wt 14 (50.00%)

Lymphocytic infiltration
In the tumor 0 71(72.44%  0.0001 0.2681 0.7142

1 27(27.55)
In the tumor area 0 63(64.29) 0.8078 0.7340 0.5418
1 35(35.71)

Tumor budding
0 38 (38.77) 0.6854 0.5023 0.8596
1 60 (61.22)

Mut — presence of mutation, wt — absence of mutation

tration and PD-L1 protein expression in cancer cells
(expression was observed in 48.21% of cases, while
PD-L1 expression was not observed in tumor infilcrat-
ing cells). An association of PD-L1 protein expression
in cancer cells with the depth of tumor infiltration
and the presence of lymph node metastasis was also

found {42}. In the present study, PD-L1 protein ex-
pression in lymphocytes was demonstrated in 43.9%
of cases. PD-L1 protein expression in lymphocytes
was found to be related to clinical stage and the pres-
ence of lymph node metastasis. The higher the clin-
ical stage was, the less frequent was the expression
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Table 4. Correlation of PD-1 and PD-L1 protein expression with selected clinical and morphological parameters (z = 98)

PARAMETERS PD-1 PD-L1 TUMOR CELLS PD-L1 LYMPHOCYTES
SPEARMAN R P-VALUE SPEARMAN R P-VALUE  SPEARMAN R P-VALUE
Gender -0.0684 0.5032 -0.2432 0.0158 -0.0609 0.5517
Age -0.2924 0.0035 -0.0259 0.8005 -0.0843 0.4092
Clinical stage -0.2600 0.0097 -0.0623 0.5425 -0.2581 0.0103
Histological malignancy grade (G) —-0.0442 0.6660 0.2280 0.0239 -0.1661 0.1021
Status of surrounding lymph nodes (N) ~ —0.2705 0.0071 -0.0592 0.5627 —0.2868 0.0042
KRAS gene status (n = 28) -0.6209 0.0004 - - -0.2604 0.1808
Lymphocytic infiltration
In the tumor 0.3658 0.0002 0.0858 0.4007 0.0187 0.8548
In the tumor area -0.0387 0.7050 —0.0464 0.6503 0.0817 0.4237

of PD-L1 protein in lymphocytes. Moreover, PD-L1
protein expression in lymphocytes was observed more
frequently in patients who did not have lymph node
metastases. In his study of PD-L1 protein expression,
Masugi observed in colorectal cancers both a mem-
branous and cytoplasmic reaction in the histochemical
reaction {41}, which is confirmed by other research-
ers [42-471. The authors emphasized that evaluation
of PD-L1 expression in tissue was challenging because
there is no universally accepted immunohistochemical
method to demonstrate this expression, and PD-L1
expression in the cell membrane is likely to be associ-
ated with the possibility of binding to the PD-1 recep-
tor. Membrane expression may be masked in cells with
strong cytoplasmic expression, so both cytoplasmic
and membrane expression levels were used for cal-
culations, and were evaluated independently by two
specialists {41}. Also in the present study, a two-level
evaluation was used — slides were evaluated by an ex-
perienced pathomorphologist, and then calculations
were made using image analysis software to determine
PD-L1 protein expression in cell membranes.

As reported previously, good therapeutic re-
sults with the drugs nivolumab and pembrolizum-
ab, as well as atezolizumab, have been obtained in
the treatment of NSCLC. Mansour ¢t /. studied
by immunohistochemistry both formalin-fixed and
paraffin-embedded histologic and cytologic samples
of lung cancer. In both variants, they detected PD-L1
protein expression in 55% of cases, but high PD-L1
expression in the tumor in histological specimens cor-
related with better response to treatment. Squamous
cell carcinomas showed higher PD-L1 expression
than adenocarcinomas.

There are reports on the association of KRAS
and epidermal growth factor receptor (EGFR) gene
status with PD-L1 expression. The highest PD-L1
expression occurred in cases with KRAS mutations,
and the lowest for cases with EGFR mutations
and in cases without mutations in both KRAS and

EGFR [48]. In the case of colorectal cancer, KRAS
gene status was one of the first biomarkers to be
studied, and is now the primary criterion that qual-
ifies colorectal cancer patients for treatment with
the monoclonal antibodies cetuximab and pani-
tumumab. These drugs target the EGFR receptor
[49-52}. The efficacy of therapy directed against
EGFR in patients without mutations in the KRAS
gene is 8—11%. Mutations in the KRAS gene are de-
tected in about 40% of patients with colorectal can-
cer {53-551. It is therefore necessary to find new pre-
dictive biomarkers for patients who, despite having
the wild-type KRAS gene, are resistant to treatment
directed against the EGFR. In the present study,
28 patients with defined KRAS gene status were ex-
amined. The KRAS mutation was detected in half
of the cases. However, none of the 28 patients, ei-
ther with or without mutations in KRAS, had PD-L1
protein expression in colorectal cancer cells. The as-
sociation of PD-L1 protein expression in lymphocytes
with KRAS gene status was tested, but no statistical
significance was found. A significant correlation was
obtained by analyzing the association of KRAS gene
status with PD-1 protein expression in lymphocytes
— none of the cases with KRAS mutation showed
PD-1 protein expression. However, the low abun-
dance of samples tested for KRAS gene status should
be kept in mind here.

Studies have reported that the clinical response
rate in various types of cancer treated with PD-1/
PD-L1 inhibitors is 30-50% {56}. Therefore, it
seems that identifying predictive biomarkers to select
patients and improve treatment efficacy without ad-
ditional and unwarranted side effects is necessary to
create targeted therapies for the individual patient.
Immunotherapy, based on the use of immune check-
point inhibitors, has revolutionized the treatment
of various types of cancer in recent years. However,
when it comes to colorectal cancer, currently only
patients with either a stable DNA repair system or
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a high degree of microsatellite instability can benefit
from such therapy, and they represent only 5% of pa-
tients with advanced colorectal cancer. Clinical trials
are underway to evaluate treatment efficacy when
PD-1/PD-L1 inhibitors are combined with other
immune checkpoint inhibitors, as well as with che-
motherapy, radiotherapy and molecularly targeted

S
=
2
z
3
)
60 T T T T T 1
0 10 20 30 40 50 60
Time (months)
~ie PD-1 expression == Lack of PD-1 expression
100 =
90
S
3
E 80
3
)
70 4 p = 0.5084 !
p=0.5118
60 T T T T T 1
0 10 20 30 40 50 60
Time (months)
~i— PD-1 expression (tumor cell)
~l— Lack of PD-1 expression (tumor cell)
100 5
90
S
=
s
E 80 =
3
%)

» =0.5841
» =0.5853

70

60

T T T 1 T 1
0 10 20 30 40 50 60

Time (months)
~i— PD-1 expression (lymphocytes)

—L— Lack of PD-1 expression (lymphocytes)

Fig. 5. Survival of patients 60 months after diagnosis in
relation to the expression of PD-1 and PD-L1 proteins in
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therapies {57-591. The role of PD-L1 expression in
colorectal cancer is not well defined, and published
studies show inconsistent results regarding the asso-
ciation of PD-L1 expression with prognosis {60, 61}.
In the present study, the low percentage of patients
showing PD-L1 protein expression in cancer cells
shows that the study should have been conducted on
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a larger number of patients, which would have pro-
vided more reliable results.

Conclusions

Despite a slight improvement in the survival
of patients with colorectal cancer, about half of pa-
tients need new therapies. Unlike other malignancies,
such as kidney cancer, lung cancer, or melanoma,
colorectal cancer shows a very low response rate to
PD-1 or PD-LI protein blockade {62—-64}, but stud-
ies conducted on the PD-1/PD-L1 pathway indicate
that it may be an important mechanism for cancer
cells to escape from immune surveillance {65}. This
leads us to believe that in the future, the therapeutic
use of this pathway will become increasingly appli-
cable in the treatment of colorectal cancer as well.
However, the study of the association of PD-1 and
PD-L1 protein expression with clinical, morpholog-
ical, genetic and molecular parameters or prognosis
of colorectal cancer requires further research.

The authors declare no conflict of interest.
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