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Introduction

Rectal cancer is the third most common cancer world-
wide, with approximately 1.4 million new cases each year, 
ranking the third most common cancer in men and second 
in women. Approximately 30-40% of patients are found 
to have local progression or combined distant metastases 
at the time of initial diagnosis, which cannot be cured by 
surgery (1). Due to the poor prognosis of advanced rectal 
cancer, the average survival time for advanced disease is 
close to 30 months, despite significant advances in surgical 
treatment, chemotherapy and biological therapy. Metasta-
tic rectal cancer remains the fourth most common cause of 
cancer death. The 5-year survival rates for patients with 
combined liver and lung metastases are 50% and 43.7%, 
respectively (2,3). In patients with peritoneal metastases, 
the 3-year survival rate is only 18%, and the life expec-
tancy of peritoneal metastases detected during the same 
period is less than 9 months (4). Clinical studies have 
shown that programmed death receptor-1 (PD-1) plays 
an important role in the tumor microenvironment as well 

as in the immune system after binding to the ligand (PD-
L1). However, there are fewer studies on the expression 
of PD-L1 and PD-1 in stage T4 rectal cancer tissues and 
surrounding metastatic lymph nodes and their correlation 
with prognosis (5,6).

In this study, we selected patients with stage T4 rectal 
cancer, surgically extracted stage T4 rectal cancer tissues, 
paraneoplastic tissues and surrounding lymph nodes, ana-
lyzed the expression of PD-L1 and PD-1 in stage T4 rectal 
cancer tissues and surrounding metastatic lymph nodes, 
and analyzed their prognostic correlation with stage T4 
rectal cancer.

Materials and Methods

Ninety-eight patients with stage T4 rectal cancer ad-
mitted to our hospital from July 2021 to July 2022 were 
selected, including 56 males and 42 females, aged 41-69 
years, with a mean of (55.1±11.0) years. The degree of his-
tological differentiation included 47 cases of low differen-
tiation, 33 cases of medium differentiation, and 18 cases 
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ding metastatic lymph node tissues were obtained from all patients. Analysis of PD-L1 and PD-1 expression 
in rectal cancer tissues as well as in adjacent tissue specimens and surrounding metastatic lymph node tissues 
were performed using immunohistochemical staining. PD-L1 and PD-1 expression were analyzed in relation 
to lymph node metastasis, maximum tumor diameter, as well as histological analysis, and the relationship 
between the two and prognosis was analyzed. Immunohistochemistry for PD-L1, PD-1 revealed that both 
proteins were expressed in association with the target cytoplasm as well as within the cell membrane; The 
number of cases with positive expression of PD-L1 and PD-1 in cancer tissues was significantly higher than 
the number of cases with expression in adjacent tissues, which was statistically significant (P < 0.05); The 
expression rates of PD-L1, PD-1 in poor expression in progression-free survival as well as in progression 
survival were significantly higher than those in medium and high expression with statistical significance (P < 
0.05); Compared with patients without lymph node metastasis, patients with T4 rectal cancer with lymph node 
metastasis had a higher number of cases with high expression levels of PD-L1 and PD-1 proteins, and the dif-
ference was statistically significant (P < 0.05); PD-L1 and PD-1 in T4 stage rectal cancer prognosis is closely 
related, distant metastasis as well as lymph node metastasis has a greater effect on PD-L1 and PD-1. PD-L1 
and PD-1 showed abnormal expression in T4 rectal cancer tissues as well as in surrounding metastatic lymph 
nodes, and PD-L1 and PD-1 were closely related to prognosis in T4 rectal cancer, distant metastasis, as well as 
lymph node metastasis had a greater effect on PD-L1 and PD-1. Its detection is able to provide a certain data 
reference for the prognosis of T4 rectal cancer.
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of high differentiation. There were 43 cases of lymph node 
metastasis and 55 cases without lymph node metastasis. 
The study was approved by our hospital ethics committee 
and all subjects gave informed consent. 

Inclusion criteria: all enrolled patients with stage T4 
rectal cancer met the diagnostic criteria for stage T4 rec-
tal cancer proposed by the National Health and Wellness 
Commission of the People's Republic of China (7), had 
complete medical records, and all underwent surgical ex-
traction of the cancerous tissue as well as paraneoplastic 
tissue.

Exclusion criteria: those with incomplete medical re-
cords; those with other stages of rectal cancer; those who 
have received related treatment; those with cardiovascular 
disease; those with communication disorders.

Specimen collection
The specimens were prepared by surgical resection of 

cancerous tissues, paraneoplastic tissues 5 cm away from 
the cancerous tissues and tissues in the surrounding metas-
tatic lymph nodes of patients with lymph node metasta-
sis, fixed in 4% neutral formalin and embedded in paraffin 
with a thickness of 3μm, and serially sectioned for immu-
nohistochemical labeling.

Immunohistochemical staining
The specimens to be tested were dewaxed, treated with 

hydration and immersed in 0.01 mol/L, 95°C citrate buffer, 
incubated for 10 min in 3% H2O2 environment, dropped 
into goat serum, incubated for 30 min in 26°C environ-
ments, withdrawn from the blocking solution, added pri-
mary antibody, incubated overnight in 5°C environments, 
added secondary antibody the next day, incubated for 0.5 
h in 37°C thermostat, washed and DAB color development 
and blocked.

PD-L1 and PD-1 immunohistochemical determination
(I) The results of all sections were observed, evaluated, 

and determined by two experienced pathologists using a 
double-blind method. Positive protein expression was 
noted when PD-L1 and PD-1 proteins appeared as yellow 
or brown particles in the cytoplasm/plasm. The semi-quan-
titative integral method was used to determine the positi-
vity in combination with the proportion of positive cells. 
Scoring of target cells: no staining was scored as 0, pale 
yellow as 1, brown as 2 and tan as 3. Percentage of target 
cells: 25% was scored as 1, 26%~50% as 2, 51%~75% as 
3, and ≥76% as 4.

(II) Judgment criteria for PD-L1 and PD-1: the staining 
intensity and the percentage of target cells were multiplied 
by two points, of which 0~2 points were recorded as nega-
tive and ≥3 points were recorded as positive.

(III) High expression, moderate expression, and low 
expression were determined based on the number of posi-
tive cells detected. Where low expression was recorded 
as positive cells >20%, medium expression as >40%, and 
high expression as >65%.

Statistical processing
SPSS 21.0 software was used for data statistics. The 

measurement data were described by ( sx ± ). The f-va-
lue test was performed for multiple group comparisons, 
and an independent sample t-test was conducted for com-
parison between groups. The correlations were analyzed 

by Pearson correlation analysis. P < 0.05 was statistically 
significant.

Results

PD-L1, PD-1 immunohistochemical maps
As shown in Figures 1 and 2, immunohistochemistry 

for PD-L1 and PD-1 revealed that both proteins were ex-
pressed in the target cytoplasm as well as in the cell mem-
brane

Expression of PD-L1 and PD-1 in cancerous and para-
neoplastic tissues

As shown in Table 1, the number of positive expression 
cases of PD-L1 and PD-1 in cancer tissues was significant-
ly higher than the number of expression cases in paraneo-
plastic tissues, which was statistically different (P < 0.05).

PD-L1 and PD-1 expression in survival
As shown in Table 2, the expression rates of PD-L1 and 

PD-1 in progression-free survival as well as in progressive 
survival were significantly higher in low expression than 
in medium and high expression, with statistical differences 
(P < 0.05).

Relationship between PD-L1 and PD-1 protein expres-
sion and lymph node metastasis in patients with stage 
T4 rectal cancer

As shown in Table 3, the number of cases with high 
PD-L1 and PD-1 protein expression in patients with stage 
T4 rectal cancer with lymph node metastasis was higher 
compared with patients without lymph node metastasis, 
and the difference was statistically significant (P < 0.05).

Prognostic relationship between PD-L1 and PD-1 in 
stage T4 rectal cancer

As shown in Table 4, PD-L1 and PD-1 were closely re-
lated to the prognosis of stage T4 rectal cancer, and distant 
metastasis as well as lymph node metastasis had a greater 

Figure 1. Immunohistochemical staining of PD-L1 protein expres-
sion in cancer tissues, paraneoplastic tissues and surrounding metas-
tatic lymph nodes.
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Figure 2. Immunohistochemical staining of PD-1 protein expression 
in cancer tissues, paraneoplastic tissues and surrounding metastatic 
lymph nodes.
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in immune checkpoints and both play important roles in 
regulating the immune system as well as in the tumor mi-
croenvironment. The combination of the two can induce 
apoptosis or failure of activated T cells, which in turn 
negatively regulates the immune response, thereby cau-
sing tumor cells to evade host immune surveillance, lea-
ding to the development of immune escape and ultimately 
promoting the growth and development of clinical tumors 
(14,15). In this study, we found that the positive expres-
sion rate of PD-1 and PD-L1 in T4 rectal cancer tissues 
was higher than that in the paraneoplastic tissues, which 
was basically consistent with the above results, indicating 
that PD-1 and PD-L1 were closely related to rectal cancer 
and showed abnormal expression in rectal cancer tissues.

PD-L1 can also be referred to as (B7-H1 or CD274), 
which is mainly expressed by cells of bone marrow origin. 
Clinical investigations have shown that PD-L1 can also 
be expressed when the organism is subjected to IFN-γ and 
TNF-α after the development of inflammation (16,17). It 
plays a crucial role in the immune response as an apop-
tosis-associated protein (18). Clinical investigations have 
shown that PD-L1 acts as an inducer of the binding of its 
ligand PD-1 to lymphocytes, which in turn transmits its 
suppressive signal to T lymphocytes, ultimately serving to 
regulate immune tolerance in peripheral T cells (19,20). 
Recent research investigations have revealed that PD-1 is 
able to be highly expressed in a variety of tumors inclu-
ding non-small cell lung cancer, melanoma, breast cancer, 
and kidney cancer (21). It can be used to determine the 

impact on PD-L1 and PD-1.

Discussion

As a common type of malignant tumor in the digestive 
system, rectal cancer ranks fourth among malignant tumors 
worldwide. The mortality rate is the second highest, with 
serious implications for both social security and families. 
The pathogenesis of rectal cancer is complex, and it is of 
great social value to find effective means of prevention and 
treatment by exploring its pathogenesis (8). 

With the continuous progress and development of 
medical technology in recent years, new chemotherapeu-
tic drugs as well as molecularly targeted drugs have been 
used and have achieved better results. Surgery is one of 
the main options previously used to treat rectal cancer, but 
the prognosis for patients after surgery is less favorable 
(9,10). As an important strategy for treating tumors, im-
munotherapy has a good clinical effect, but the existence 
of immune tolerance can affect the therapeutic effect of 
immunotherapy. Clinical investigations have shown that 
cancer cells protect themselves at the site of cancer by 
various mechanisms, which are carried out by adjusting 
the expression of immunosuppressive molecules to evade 
the body's immune response (11,12). PD-1, an immuno-
suppressive molecule that has received more attention in 
recent years, is expressed in most tumor cells as well as 
in immune cells (13). It has been pointed out in the study 
that PD-1/PD-L1 are key negative regulatory molecules 

Tissue
Number of 
cases (n)

PD-L1 expression PD-1 expression
Positive Negative Positive Negative

Cancerous tissue 98 82 16 83 15
Paraneoplastic tissue 98 14 84 17 81

Χ2 94.406 88.935
P 0.001 0.001

Table 1. Expression of PD-L1 and PD-1 in cancer tissues as well as in paraneoplastic tissue [n, %].

Survival period
PD-L1 PD-1

Low Medium High Low Medium High
No progression 49 (50.00) 34 (34.69) 15 (15.31) 45 (45.92) 30 (30.61) 23 (23.47)

Progression 50 (51.02) 33 (33.67) 15 (15.31) 48 (48.98) 34 (34.69) 16 (16.33)

Table 2. Comparison of PD-L1 and PD-1 expression rates in survival.

Lymph node 
metastasis

Number 
of cases 

(n)

PD-L1 PD-1

Low 
expression

Medium 
expression

High 
expression

Low 
expression

Medium 
expression

High 
expression

No 41 19 13 9 23 10 8
Yes 57 6 18 33 12 16 29
Χ2 2.619 3.491
P 0.031 0.019

Table 3. Relationship between PD-L1 and PD-1 protein expression and lymph node metastasis in patients with stage T4 rectal 
cancer [n, %].

Projects Risk coefficient 95%CI P
Distant metastasis 1.035 1.002~2.035 0.001

Lymph node metastasis 1.216 1.035~2.103 0.001

Table 4. Prognostic relationship between PD-L1 and PD-1 in stage T4 rectal cancer.
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biological behavior of tumor invasion and metastasis, and 
it can also be regarded as an important indicator of progno-
sis (22). In this study, we found that the expression rates 
of PD-L1 and PD-1 in progression-free survival as well 
as in progressive survival were significantly higher in low 
expression than in medium and high expression, and the 
number of cases of high PD-L1 and PD-1 protein expres-
sion was higher in patients with lymph node metastasis T4 
stage rectal cancer compared with patients without lymph 
node metastasis. This result is approximately the same as 
the above results. Thus, it can be seen that the detection of 
PD-L1 and PD-1 in rectal cancer can play a better role and 
can be used as one of the important indicators to judge the 
prognosis.

In summary, PD-L1 and PD-1 showed aberrant expres-
sion in stage T4 rectal cancer tissues and surrounding 
metastatic lymph nodes. Moreover, PD-L1 and PD-1 were 
closely related to the prognosis of stage T4 rectal cancer, 
and distant metastasis and lymph node metastasis had a 
greater impact on PD-L1 and PD-1.
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