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Abstract

Background It is well-documented that the interplay between tumor-infiltrating lymphocytes (TILs) and tumor cells
is a major determining factor in cancer progression. CD45RO seems to be a reliable indicator for predicting prognosis
and disease outcome, along with CD3 and CD8 markers. LAG-3 is another important marker that overexpresses on
TILs in a variety of cancers and is associated with disease prognosis; however, its prognostic impact is controversial.
Hence, in the present study, we aimed to investigate the presence of CD45RO 4, LAG3 4, CD3+, and CD8 + lympho-
cytes in CRC tumor tissues and their association with clinicopathological parameters of the disease as well as patients’
survival, according to primary tumor locations.

Methods Expression of CD45R0, LAG3, CD3, and CD8 was immunohistochemically assessed in tissue sections of
136 patients with CRC. The percentages of TILs expressing these markers were then separately determined in both
invasive margin (IM) and center of tumor (CT). Their associations with clinicopathological factors and patients’survival
were analyzed in the entire cohort and the subgroups of patients with right- and left- rectum tumors.

Results Based on our observation, CD45R0 +and CD3 + cells were the most frequent infiltrated lymphocytes in
both CT and IM regions of colon tumor tissue. Whilst, LAG3 + lymphocytes were the least frequent subset in both
areas. Statistical analysis indicated that the frequency of CD45RO +-TILs was positively associated with advanced TNM
stages (lll/IV), in the entire cohort and right-sided tumors (P <0.05). LAG3 4TILs in IM were also increased in tumor
tissues with higher T-stages in the entire cohort (P =0.027). In univariate analysis, high score of CD45RO+TILs in IM
was associated with better overall survival in the entire cohort. High score of CD8 4-and CD45RO + lymphocytes in IM
were also associated with improved survival in patients with right-sided tumors.

Conclusions Our findings generally suggest that the clinicopathological and prognostic significance of immune
system-related markers such as CD45R0O and LAG3 depends on the primary tumor sides. Our results collectively
demonstrated that infiltration of CD45R0 + lymphocytes in IM could be an independent prognostic factor in a site-
dependent manner.
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Introduction

Colorectal cancer (CRC), the second most common
causes of cancer death in the world [1], can be identi-
fied by the location of primary tumor in the large intes-
tine: right and left colon, and rectum [2]. Based on the
location, CRC shows differences in chromosomal and
molecular characteristics, microbiomes, incidence,
pathogenesis, and outcome [3]. It has been shown
that tumors on the left and right sides have also dif-
ferent immune landscapes. In this regard, the level of
immune infiltration is higher in right-sided CRC than
in left-sided tumors; thus, the prognosis may be differ-
ent based on primary tumor locations [4].

CRC prognosis is mainly determined by histo-
pathological grading, according to the American Joint
Committee on Cancer (AJCC) TNM system [5]. Nev-
ertheless, significant differences in clinical outcomes
are commonly observed among patients with the
same stage, showing the weaknesses of TNM classi-
fication system [6]. One of the failure reasons for this
system seems to be the lack of attention to the impact
of the tumor microenvironment (TME), especially the
immune system elements, on tumor progression [7].
TME is generally defined as the environment surround-
ing the tumor, including the extracellular matrix, blood
vessels, endothelial cells, tumor cells, and immune cells
[8]. Therefore, the identification of immune-related
markers in TME might help to predict the prognosis
and clinical outcome of the disease.

Tumor-infiltrating lymphocytes (TILs) are the main
immune cells of TME, and their presence is generally
considered an indication of host immune reaction to
tumor cells to prevent tumor invasion [9]. TILs com-
pose of various subpopulations of CD3+ T cells [10]
i.e. CD4+and CD8+ T lymphocytes, FOXP3 + regula-
tory T cells, and CD45RO + memory T cells [11]. There
are many reports that suggest that CD3+, CD8 +, and
CD45RO + TILs are correlated with favorable clini-
cal outcomes in several cancers [12—-14] due to their
critical roles in tumor immunity [15]. However, the
inhibitory microenvironment suppressed their effector
function in favor of tumor progression.

CD45RO + memory T lymphocytes, as one of the
essential components of TILs, are responsible for more
reinforced responses to secondary antigens expo-
sure [16]. Consistently, there are several reports that
CD45RO+T cell infiltration had a positive prognostic
effect on many types of tumors such as gastric, cervical,

and hepatocellular carcinoma, though the accurate
clinical significance of these T cells was not clear [12,
17].

Immune checkpoints (ICPs) are membrane proteins
that regulate immune cells by either activating or inhibit-
ing their immune functions and have the potential to act
as prognostic biomarkers [18]. Inhibitory ICPs like T-cell
immunoglobulin mucin-domain containing-3 (TIM-3),
programmed cell death protein-1 (PD-1), and lympho-
cyte activation gene 3 (LAG3), are all present on T-cells
and bind to the ligands that are commonly produced by
tumor cells (18). Of them, LAG3 or CD223 is expressed
on T cells, especially on activated CD8+and CD4+T
cells, B cells, and DCs [19]. Interaction of LAG3 with
its ligands i.e., MHC class II molecules, galectin-3, liver
sinusoidal endothelial cell lectin (LSECtin), and fibrino-
gen-like protein 1 (FGL1) [20], mediates various signal-
ings leading to impairment of TILs functions, including
inhibition of Thl proliferation and reduced production
of interleukin-2 (IL-2), Interferon-y, and tumor necrosis
factor (TNF) in T cells, resulting in tumor escape [21].
LAG3 expression is frequently associated with exhausted
T cells, and accordingly considered an exhaustion marker
for CD4+and CD8+T cells in response to repetitive
antigen stimulation in cancer [22-25]. Overexpression
of LAG3 is found in many types of human tumors such
as CRC, breast cancer, liver carcinoma, follicular lym-
phoma, and squamous cell carcinoma of the head and
neck, and in most cases, is significantly correlated with
the development of an invasive tumor and worse out-
come [26-28].

However, there are limited studies, that showed the
association of tumor-infiltrating LAG3+T cells with
CRC prognosis, their results were controversial. In addi-
tion, the majority of these studies investigate the prog-
nostic impact of the total population of TILs, and fewer
studies have focused on the prognostic significance of
specific subpopulations. Accordingly, we aimed to evalu-
ate the presence of CD45RO +and LAG3+ TILs in the
CT and IM and their impacts on outcomes in CRC with
particular focus on tumor location (right and left colon
tumors).

Materials and methods

Patients and specimens

One hundred and thirty-six patients with CRC who had
complete data were enrolled in the study. The study pop-
ulation was retrospectively selected from patients who
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underwent surgical resection of their primary tumors
between April 2013 to December 2016 in Al-Zahra hos-
pital (Isfahan University of Medical Sciences, Isfahan,
Iran). Exclusion criteria were receiving preoperative
chemotherapy, having a history of other cancers or auto-
immune diseases, and insufficient and inappropriate tis-
sue. Information on survival status (dead/alive), date and
type of recurrence (if present), metastatic organ, and for
patients who died, date and cause of death were collected
from their records and telephone contact. Pathological
data, including TNM-stage, histological grade, lymph
node involvement, and lymphovascular or perineural
invasion, were collected from patient files. An expert
pathologist reviewed the H&E-stained tumor sections to
confirm the patient’s pathological data and select suitable
blocks, preferably having both CT and IM. Formalin-
fixed and paraffin-embedded (FFPE) tissue blocks were
then selected and prepared for immunohistochemical
staining.

Immunohistochemistry

Tissue sections with 3-um thickness were prepared
and fixed on slides coated with poly-L-lysine. The sec-
tions were dewaxed at 44 °C overnight, deparaffinized
in xylene, and rehydrated in a graded series of ethanol
(100% and 96%). Antigen retrieval was then performed by
boiling the tissue sections in a pressure cooker for 20 min
in Tris—EDTA buffer (pH: 9.0). Endogenous peroxidase
activity was blocked by incubation in 10% hydrogen per-
oxide (Master Diagnostica, Spain) for 10 min, and subse-
quently, the sections were blocked with 10% goat serum
(Cyto Matin Gene, Iran) at room temperature for 30 min.
Primary anti-human antibodies against LAG3 (1:1000,
clone: EPR20261; Abcam, USA), CD45RO (1:320, clone
UCHLI; Biolegend, USA), CD3 (1/2.5, clone: EP41; Mas-
ter Diagnostica), CD8 (1:150, clone: C8/144B, Biolegend),
were separately added and followed by overnight incuba-
tion at 4 °C. The slides were then washed and incubated
with a horseradish peroxidase-conjugated secondary
antibody for 40 min. The chromogenic reaction was vis-
ualized by incubation with diaminobenzidine (DAB)
(Master Diagnostica) for 3—5 min. Sections were coun-
terstained with hematoxylin, dehydrated by increasing
alcohol solutions, cleared in xylene, and mounted with a
permanent mounting medium. Human tonsil tissue with
abundant lymphocytes, was used as a positive control to
titrate the proper concentration of primary antibodies.

Evaluation of immunochemistry staining

Two expert pathologists blindly reviewed the sections.
The slides related to each patient were first examined
with a magnification of 100 x, and normal area, inva-
sive margin (IM), and tumor center (TC) were identified,
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and an area representing the average expression of the
marker was selected. The selected area was then exam-
ined in a high-power field (x 400), and the percentage of
CD45R0O, LAG3, CD3, and CD8 expressing lymphocytes
were determined. The percentage indicated the ratio of
the positive cells to total lymphocytes. In addition to the
percentages, the intensity of LAG3 expression in each
region was also reported as negative, low, moderate, and
high. LAG3 expression was also scored by multiplying
the number of LAG-3+TILs by the intensity using R
software (version 4.0.3). Accordingly, the patients were
classified into high score (LAG3 ™) and low score (LAG3
Low) ‘groups. The scores for CD3, CD8, and CD45RO
were determined based on their median expression and
patients were classified into high and low score groups.

Statistical analysis

Statistical analyses were performed using SPSS software
version 24 (IBM SPSS, USA). The normality of CD45RO
and LAG3 expression in different groups was checked.
The significance of differences in CD45RO and LAG3
expression between several clinicopathological variables
was assessed by t-test, non-parametric Mann—Whit-
ney test, Chi-square test or Fisher’s exact test as appro-
priate. The Chi-square test was performed in the entire
cohort and based on primary tumor location (right-
sided and left-sided colon tumors). Survival times were
defined as overall survival (OS): the time between sur-
gery and cancer-related death, and disease-free survival
(DES), between the surgery and any type of relapse or last
follow-up. For univariate analyses, the Cox regression
method was used to determine predictors of DFS and OS
in patients with CRC. Those variables in the univariate
analysis that had a P<0.1 were included in the multivari-
ate Cox’s regression model to investigate the independent
predictive factors. P<0.05 were considered statistically
significant.

Results

Patients’ characteristics

The final study population consisted of 136 patients with
CRC with the mean age (+SD) of 62.35 (£14.10) years
(19-92 years) at the time of diagnosis. According to
the pathology reports, 109 (80.1%) patients had colonic
tumors; of them, 56 (41.2%) tumors were located on the
right side, and 49 (36%) ones were on the left side. Based
on pathologic stages, most patients were in stage II
(33.8%) and stage III (29.4%). Distant metastasis was seen
in 12 patients (8.8%) (M1), and 46 patients (33.8%) had
lymph node involvement at the time of surgery. Regard-
ing tumor histological grade, most cases (76/136, 55.9%)
had well-differentiated tumors.
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The mean + SD follow-up period was
54.08£27.6 months. During follow-up period, 57
(41.9%) patients died, and 79 (58.1%) cases were alive up
to October 2021. During this time, 30 patients (22.1%)
experienced recurrence. The summarized clinical and
pathological information of the patients are listed in
detail in Table 1.

Distribution of CD45RO +, LAG3 +, CD3 +, and CD8+TILs

in patients with CRC

Tissue samples were immunohistochemically stained
for CD45R0O, LAG3, CD3, and CD8 (Fig. 1). The mean
frequencies of CD45RO+, LAG3+, CD3+, and
CD8+ TILs were assessed in both CT and IM as well
as normal-like adjacent tissues (if had indication). Our
analysis indicated that the mean frequency of all markers
in both CT and IM was significantly higher than in nor-
mal-like tissue. The mean frequency of CD45RO +lym-
phocytes in the IM area was significantly higher than CT
(P<0.001). On the other hand, the mean frequency of
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LAG3 + lymphocytes in CT was significantly higher than
normal tissue. (Table 2).

Mean frequency of CD45R0 + and LAG3 + lymphocytes

in patients with different clinicopathological features

The mean frequency of CD45RO+, LAG3+, CD3+,
and CD8+lymphocytes was then evaluated in patients
with different clinicopathological features. However,
no significant relationships were observed between the
mean frequency of CD3+and CD8+cells and clin-
icopathological features, as shown in Table 3, the mean
frequency of CD45RO +lymphocytes in CT, was higher
in patients with lymph node metastasis (P=0.016) and
those with advanced TNM-stages (III/IV) (P=0.037)
comparing to node-negative and lower-staged patients
(I/II), respectively. In addition, the mean frequency of
CD45RO+ TILs in IM of females was higher than males
(P=0.041). The mean frequency of LAG3+ TILs in CT
was observed to be higher in patients with lower T-stages
(T1/T2) (P=0.025) and no metastasis (P=0.055). The
mean frequency of these lymphocytes in IM was higher

Table 1 Clinicopathological characteristics of patients with colorectal cancer

Parameters No. of cases (%) Mean+SD Parameters No. of cases (%)

Total 136 TNM stage

Sex 1711 84 (61.8)
Male 83 (61.0) /v 52(38.2)
Female 53(39.0) Lymphovascular invasion (LVI)

Age 62.354+14.102 Absent 79 (58.1)
<63 65 (47.8) Present 57 (41.9)
>63 71(52.2) Perineural invasion

Tumor side Absent 111 (81.6)
Right 56 (41.2) Present 25 (184)
Left 76 (55.9) Metastasis
Unreported 4(29) Absent 89 (65.4)

Tumor size 5.56+£247 Present 34(25.0)
<5 56 (41.2) Unreported 13(9.6)
>5 78 (57.4) Recurrence
Unreported 2(1.5) Absent 97 (71.3)

Differentiation grade Present 29 (21.3)
Low grade 76 (55.9) Unreported 10 (7.4)
Moderate to high grade 60 (44.1) Tumor budding

T stage Low 89 (65.4)
T1/T2 47 (34.6) High 47 (34.6)
T3/T4 89 (65.4) Tertiary lymphoid structure (TLS)

Lymph node involvement Absent 104 (76.5)
Absent 90 (66.2) Present 32(23.5)
Present 46 (33.8) Survival

M stage Alive 79 (58.1)
MO 124 (91.2) Dead 57 (41.9)

M1 12 (8.8)
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in patients with larger tumor size (>5 cm) than those
with lower tumor size (<5 cm) (P =0.024).

Associations of CD45R0 +and LAG3 +TILs

with clinicopathological features

We next scored CD45RO, LAG3, CD3 and, CD8 markers
(as described in "Evaluation of immunochemistry stain-
ing" Section) and classified patients into high- and low-
scores. Investigating the association of these scores with
different clinicopathological features, revealed no signifi-
cant relationship was observed between the score of CD3
and CD8 markers in CT and IM and clinicopathological
features.
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Fig. 1 Immunohistochemical staining pattern of CD3, CD8, LAG3, and CD45RO in colorectal cancer tissues. Center oftumor (CT) and Invasive
margin (IM) regions. To create the best conditions for antigen retrieval and optimal dilution of primary antibodies, staining was first performed on
human tonsil tissue with different dilutions of anti-CD3, anti-CD8, anti-CD45R0, and anti-LAG3 antibodies. The same method was performed with
the same dilutions on CRC tissue and finally, 1/2.5 dilutions for CD3 marker, 1/150 for CD8 marker, 1/320 for CD45RO marker, and 1/1000 for LAG3
marker were determined as optimal dilutions. The figure shows the staining patterns of these markers with selected dilutions in different regions of
CRC tissue

Association between the score of CD45RO and LAG3
in both CT and IM and clinicopathological character-
istics (detailed in Additional file 1: Tables S1, S2). Our
results also demonstrated that the score of CD45RO in
CT was lower in patients without lymph node involve-
ment (P=0.013), and those with earlier TNM-stages (I/
II) (P=0.031) comparing to node-negative and lower-
staged patients (I/II), respectively.

In the case of LAG3, low score of LAG3 in CT was sig-
nificantly associated with no metastasis (P=0.023) and
no recurrence (P=0.015). While, the score of LAG3 in
IM was observed to be higher in patients with higher
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Table 2 Mean frequency of CD45RO+, LAG3+, CD3+, and
CD8+ lymphocytes in patients with colorectal cancer

Number Mean+SD P-value

Pair 1 CD45RO.CT 136 45.7721£13.99575  <0.001***
CD45R0O.IM 136 51.8750412.54529

Pair2  CD45RO.CT 47 46.8085+13.32803  <0.001***
CD45RONormal 47 36.4894 +12.41996

Pair3  CD45RO.IM 47 5223404+11.64738  <0.001***
CD45RONormal 47 364894 4+12.41996

Pair4  LAG3.CT 66 54632411.13680 0.571
LAG3.IM 66 54485+9.13019

Pair 5 LAG3.CT 16 6.42374+12.10187 0.026*
LAG3.Normal 16 1.169542.19837

Pairé  LAG3.IM 15 6.1356410.79025 0.058
LAG3.Normal 15 1.169542.19837

Pair7  CD3.CT 118 39.87294+12.23806  <0.001***
CD3.IM 118 46.1017 £12.10946

Pair8  CD3.CT 51 40.8824+£12.59785  <0.001%**
CD3.Normal 51 27.3529410.74025

Pair9  CD3.M 51 46,8627 £11.17859  <0.007***
CD3.Normal 51 27.3529410.74025

Pair 10 CD8.CT 119 19.1597 £9.44025 <0.001***
CD8.IM 119 2407564952175

Pair 11 CD8.CT 49 19.0816 £9.27999 0.002**
CD8.Normal 49 15.0000+£ 7.56913

Pair 12 CD8IM 47 25.21284+9.02638 <0.007***
CD8.Normal 47 14.7872 +£7.65829

CT Central of tumor, IM Invasive margin
" p<0.05,**p<0.01, ***p<0.001

T-stages (T3/T4) (P=0.027), the absence of TLS in CRC
tissues (P =0.014), and larger tumor size (P =0.052).

Associations of CD45RO + and LAG3 +TILs

with clinicopathological features based on primary tumor
location

We then classified patients based on their primary tumor
location into two groups: left/rectum- and right- sided
tumors, and repeated the analyses in patients with high
and low scores of LAG3 and CD45RO. Our results indi-
cated that in right-sided tumors, low score of CD45RO
in CT was associated with earlier TNM-stages (I/II)
(P=0.017) and the absence of lymph node involvement
(P=0.015).

In left-sided colon tumors, low score of LAG3 in
CT was significantly associated with no metastasis
(P=0.039), no recurrence (P=0.027), and low tumor
budding (P=0.05). The score of LAG3 in IM was lower
in patients with higher T-stage (T3/T4) (P=0.015)
in these tumors. Detailed associations between the
score of CD45RO and LAG3 in CT and IM and
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clinicopathological characteristics based on primary
tumor location are demonstrated in Additional file 1:
Tables S1, S2.

Prognostic value of LAG3 +, CD45RO +, CD3 +,

and CD8+TILs

To evaluate the effects of CD45RO+-, LAG3+, CD3 +,
and CD8 + TILs in CT and IM on OS and DFS in patients
with CRC, Cox regression analysis was performed. In
univariate model, high score of CD45RO in IM was
obtained to be associated with improved OS (hazard ratio
[HR] =0.582, 95% CI=0.339-0.997, P =0.049). Whereas
no association between LAG3 expression and OS was
observed neither in CT nor in IM (Fig. 2). The univari-
ate Cox proportional hazards model for DFS revealed
no significant relationship between the expression of
investigated markers and the risk of post-operative dis-
ease relapse (data not shown). Our analysis also showed
that early TNM-stages (HR=3.529, 95% CI 2.074—6.006,
P <0.001) were associated with improved OS.

All variables in the univariate analysis with a p<0.1
were then entered into a multivariate Cox regression
model. No association was found between the expression
of CD45R0O, LAG3, CD3, and CD8 and OS, along with
the clinicopathological variables (Table 4).

Associations of LAG3 +, CD45RO +, CD3 +, and CD8 +TILs
with OS based on primary tumor location

We next analyzed the association between the expression
of immune markers and OS based on the tumor location
using a univariate Cox regression model. It was observed
that there was a significant association between high
score of CD45RO in IM and improved OS in right-sided
tumors (HR=0.199, 95% CI 0.057-0.689, P=0.011). In
addition, high score of CD8 in IM was associated with
better OS (HR=0.288, 95% CI 0.083-0.995, P =0.049),
while no correlation was found between CD3+and
LAG3+TILs and OS (Additional file 1: Table S3 and
Fig. 3).

Discussion

In recent years, the prognostic significance of TILs
has been well-documented. Infiltrating TILs, com-
posed of different lymphocyte subtypes, into the TME
represents the immune response status between host
immune cells and tumors [29]. Many previous stud-
ies have shown the association of TILs with tumor
development, clinicopathological features of patients,
clinical outcomes, and survival in several cancers,
including CRC [30]. Of them, Kasurinen et al. investi-
gated the prognostic value of different combinations of
CD3 +and CD8+immune cells in patients with CRC.
Their results demonstrated that the infiltration of a



Tavana et al. Cancer Cell International (2023) 23:23 Page 7 of 13

Table 3 Mean frequency of CD45RO + and LAG3 + lymphocytes in patients with different clinicopathological features

Parameters CD45RO.CT CD45R0.IM LAG3.CT LAG3.IM
Mean +SD P-value Mean+SD P-value Mean +SD P-value Mean +SD P-value
Sex
Male 45.00+14.86 0.9032 50.124£12.90 0.041* 4.95+10.06 0.696 5.27+£846 0.907
Female 46.98+12.57 54.62£11.55 6.26£12.70 571+£10.17
Age
<63 46.00£13.11 0.857 5200£11.95 0912 5351122 0.531 447 £8.07 0407
>63 4556+14.84 51.76£13.15 556+11.13 6.33+9.97
Tumor side
Right 4500£13.75 0448 49.55+£12.90 0.2632 53241138 0.807 6.964+12.28 0.322
Left 46.84+£13.75 534241228 564+11.20 4394599
Tumor size
<5 448241331 0.555 533041311 0.240 6.21+£1291 0.809 344+695 0.024*
>5 46.28+14.60 50.70£12.16 506+£9.85 6.96£10.29
Differentiation grade
Low grade 4408+12.16 0.113 52.174+1040 0.768 4424984 0.3692 5384941 0.841
Moderate to 47914£1587 51.50£14.91 6.78£12.54 553+883
high grade
T stage
T1/T2 4446+£1152 0432 51.914+997 0.979 6.42+11.66 0.025%a 523+658 0.603
T3/T4 464611515 51.85£13.76 4954+10.88 556+10.26
Lymph node involvement
Absent 43.72+£13.50 0.016* 524441292 0461 6.154+11.92 0.422 6.35+£10.63 0.335
Present 49.78 £14.22 50.76£11.83 4114940 3.67 +£4.66
M stage
MO 45524+14.07 0.8592 5197+£1278 0.5562 545+11.16 09112 5.68+9.44 0.278
M1 4833£1354 50.83+10.18 558+11.36 3.00+443
TNM stage
/11 43.80+13.85 0.037* 52.554+13.27 0421 6.38+£12.25 0.388 6.654+10.92 0.200
/v 4894 +£13.77 50.77+11.30 3984895 3.50004+4.50
Lymphovascular invasion
Absent 44681220 0.287 51.58+12.70 0.750 521+11.01 0.301 5994930 0.709
Present 472841615 522841243 580+£11.39 4704+891
Perineural invasion
Absent 4459+ 1364 0.2122 51.75+£12.73 0.818 563+11.62 0.952 5894984 0.667
Present 51.00£14.65 5240£11.91 4.724+8.80 348+4.46
Metastasis
Absent 452241335 0.595 51.85+11.99 0.663 6.334+12.30 0.0552 6.28+£10.35 0.064
Present 46.76 £16.69 50.73£ 1441 3.03+£7.22 297+£4.21
Recurrence
Absent 4510£1355 0.592 51.65+12.18 0.928 649+12.36 0.040% 6.38+10.06 0.131
Present 46.72+1649 51.89£15.20 1.86+2.86 2.96£4.01
Survival
Alive 44.87 £13.89 0.380 535441261 0.068 6.28+12.68 0.366 6.164+10.85 0.158
Dead 47.01£14.16 49.56+12.18 4334852 445£592

CT Central of tumor, IM Invasive margin

aP-values were obtained from non-parametric Mann-Whitney test.*p <0.05
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Fig. 2 Overall survival (OS) of patients with colorectal cancer based on CD45R0O, LAG3, CD8, and CD3 expression tumor tissues. Overall survival (OS)
was significantly influenced by CD45RO +TILs. High expression of CD45R0 in the IM region of the tumor was significantly associated with better OS
(P =0.049). While there was no significant relationship between CD3, CD8, and LAG3 marker expression and OS of patients (P> 0.05)

large number of CD3+and CD8+ inflammatory cells
in tumor tissue correlated with an improved survival,
in many types of cancers [31-33]. In the present study,

regarding the importance of memory (CD45RO+)
and cytotoxic (CD8+) lymphocytes in eradication of
tumor cells, we attempted to delineate the presence of
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Table 4 Univariate Cox regression analysis of overall survival (OS) in patients with colorectal cancer

Parameters Univariable analysis P-value Parameters Univariable analysis P-value

HR (95% ClI) HR (95% ClI)

Sex TLS
Male 1 0.174 Absent 1 0415
Female 0.679(0.388-1.187) Present 0.760 (0.394-1.469)

Age CD45RO.CT
<63 1 0.799 Low 1 0.137
>63 1.070 (0.635-1.802) High 1.511(0.877-2.603)

Tumor side CD45RO.IM
Right 1 0.119 Low 1 0.049*
Left 1.569 (0.891-2.762) High 0.653 (0.380-1.123)

Tumor size LAG3.CT
<5 1 0.549 Low 1 0.226
>5 1.178 (0.689-2.015) High 0.656 (0.331-1.299)

Differentiation grade LAG3.IM
Low grade 1 0.205 Low 1 0.495
Moderate to high grade 1.399 (0.832-2.353) High 1.206 (0.704-2.066)

T stage CD3.CT
T1/T2 1 0.060 Low 1 0211
T3/T4 1.760 (0.976-3.176) High 1.394 (0.828-2.344)

Lymph node involvement CD3.IM
Absent 1 <0.007%** Low 1 0.640
Present 2.713(1.611-4.568) High 1.133(0.672-1.908)

M stage CD8.CT
MO 1 <0.007*** Low 1 0533
M1 7443 (3.741-14.808) High 1.180 (0.702-1.983)

TNM stage CD8.IM
1/11 1 <0.007%** Low 1 0.482
/v 3.529 (2.074-6.006) High 0.821 (0.473-1.424)

Lymphovascular invasion (LVI) CD45ROIM/CT
Absent 1 0.663 Low to low 1 0.047*
Present 1.123 (0.666-1.896) CT high/ IM low 1.699(0.773-3.734) 0.187

Perineural invasion CT low / IM high 0.444(0.209-0.941) 0.034*
Absent 1 0.140 High to high 0.956(0.486-1.880) 0.896
Present 1.576 (0.862-2.881) LAG3.IM/CT

Tumor budding Low to low 1 0.290
Low 1 0.065 CT high/ IM low 1.362(0.182-10.175) 0.763
High 1.643 (0.970-2.783) CT low / IM high 1.509(0.846-2.691) 0.164

High to high 0.778(0.354-1.710) 0.532

CT Center of tumor, IM Invasive margin, TLS Tertiary lymphoid structure
" p<0.05, ***p<0.001

CD3+, CD8+, CD45R0O + T1ILs and the expression of
LAGS3, as a novel inhibitory marker, in both IM and CT
of CRC tissues and then assessed their correlation with
clinical outcomes with the focus on tumor location. To
the best of our knowledge, none of the previous studies
have examined our target markers expressions in CRC
and their effects on prognosis based on primary tumor
location.

Our results generally showed that CD45RO +lym-
phocytes, followed by CD3+lymphocytes, were the
most frequent subsets in both areas of CRC tumor tis-
sues, while LAG3+ cells showed the lowest frequency.
CD45RO0 is generally thought to be a marker of memory
T cells, which represent effector activity and rapid reac-
tion in TME and can also affect the outcome of the dis-
ease [17]. Survival analysis revealed that high score of
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Fig. 3 Overall survival (OS) of patients with colorectal cancer based on tumor location. A CD45RO expression in IM/ B CD8 expression in IM in
right-sided tumors. The results obtained from the analysis showed a significant relationship between the high expression of CD45R0 in the IM
region and better OS in right-sided tumors (P =0.011). In addition, there was a significant relationship between the high expression of CD8 in the IM

region and better OS in right-sided tumors (P =0.049)

CD45RO in IM was associated with better OS. Consist-
ently, similar results were reported in several other can-
cers such as renal cell carcinoma, gastric cancer, breast
cancer, and ovarian carcinoma [34-37]. The protective
role of CD45RO + T-cells in anti-tumor responses and
their association with better prognosis in most cancers
might be explained by providing a pool of effector cells or
direct killing effect of these cells in TME that repress the
proliferation and migration of tumor cells. Additionally, it
has been showed that CD45RO+T cells could decrease
the production of high-mobility group box 1 (HMGBI1)
in CRC. Since HMGB1 accelerates cell growth, invasion,
and angiogenesis in cancer tissues, CD45RO + lympho-
cytes might subsequently suppress the proliferation and
migration of colorectal tumor cells [38].

In the next step, to investigate the role of primary
tumor localization in CRC outcomes, we classified the
study population into two groups of right-sided and left-
sided tumors. Our survival analysis showed that high
CD45RO0 score in IM in right-sided tumors was directly
associated with better survival. Moreover, high score
of CD8 in IM was associated with better OS in these
patients. These findings further supported previous evi-
dence suggesting that proximal and distal CRC may
represent different immunological entities as they also
showed differences in epidemiological, pathological, and
clinical properties [39].

We also examined the association between the score
of CD45RO in CT and IM, with clinicopathological
properties in CRC, as well. We observed that low score

of CD45RO in CT was correlated with no lymph node
metastasis and earlier TNM stages (I/II) in both entire
cohort and right-sided tumors. There was also a trend for
high score of CD45RO and lower tumor size. Similarly, a
study by Hu et al. on patients with lung adenocarcinoma
demonstrated that CD45RO + TILs were negatively cor-
related with tumor size and lymph node involvement
[29]. However, controversially, they observed that high
density of CD45RO + lymphocytes was associated with
earlier TNM-stages.

We also assessed the association of LAG3 score, as
a novel ICIs, in both IM and CT of CRC with survival.
Overall, although there was a trend for high score of
LAG3 in CT and improved OS, we observed no statisti-
cally significant association between LAG3 expression
and OS. Consistently, most studies, including a meta-
analysis on NSCLC, renal cell carcinoma, ovarian can-
cer, gastric cancer, and a few other cancers, showed that
expression of LAG3 on TILs is associated with better sur-
vival [40]. The presence of LAG3+ TILs was also associ-
ated with longer disease-specific survival in breast cancer
patients, as well [41]. On the other hand, some studies
reported that LAG3 expression is associated with poor
survival. Chen et al., in a study on CRC, demonstrated
that patients with high percentage of LAG3+cells in
their tumor tissues had shorter survival compared with
those with a low percentage of LAG3 + cells [42]. Con-
sidering that LAGS3 is an inhibitory immune checkpoint
that elicits suppressive immune responses and facilitates
tumor escape, such a correlation between the expression
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of this marker and improved survival may be paradoxi-
cal. One hypothesis could be that the low level of LAG3
expression may lead to an exhausted phenotype, but
up-regulation of LAG3 may initiate negative feedback
of inhibitory signals that creates an active immune envi-
ronment in the tumor and improve prognosis [43]. How-
ever, most previous studies mainly focused on the role of
LAG3 in T cell immunity, but a recent study suggested
that LAG3 expression correlated with NK-mediated
cytotoxicity pathways, and B cell-mediated immunity
[44]. Another new aspect of the LAG3 marker is the
expression of LAG3 on effector memory T cells with an
activated phenotype. In this regard, Slevin et al. showed
that LAG3 expression is elevated in the inflamed colonic
mucosa of active ulcerative colitis, and stimulated colonic
LAG3+T cells were able to produce IFNy and IL-17A
[45]. This suggests that, at the active inflammation site,
LAG3 +cells may have effector rather than suppressor
phenotypes. Given this view and the importance of LAG3
expression on memory T cells, we also examine the effect
of the simultaneous expression of LAG3 and CD45R0O on
TILs on survival, although the results did not show any
statistically significant relationship (data not shown).

Regarding clinical features, our results showed a rela-
tionship between high score of LAG3 in IM with tumor
progression (higher T-stage and larger tumor size). We
also found that high score of LAG3 in IM was significantly
correlated with the absence of TLS formation. Similarly, a
previous study on CRC also demonstrated that LAG3+ T
lymphocytes in tumor tissue were associated with higher
invasion depth and metastasis [42]. A similar result was
also reported by Que et al., which showed that LAG3+ T
lymphocytes in tumor were associated with larger tumor
size in soft tissue sarcoma [46]. Concordantly, consid-
ering tumor location, in CT of left-sided tumors, low
score of LAG3 was associated with no metastasis and no
recurrence. However, there are many studies that could
not find a significant association between LAG3 expres-
sion and any of the clinical features in NSCLC, CRC, and
Hodgkin lymphoma [43, 47, 48]. Controversial to survival
analysis, these observations suggested that the LAG3
expression on lymphocytes infiltrated into tumor tissue
may trigger suppressive immune responses and facilitates
tumor cell proliferation, resulting in disease progression
and tumor recurrence or metastasis. This issue should
be a topic that warrants further investigation in a larger
population.

In conclusion, our results indicated that infiltration
of CD45RO + cells in IM is an independent prognostic
factor in right-sided colon cancer, but not in left-sided
tumors. In addition, higher numbers of LAG3+ TILs
in IM correlated with higher T-stage, and low score
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of LAG3 in CT correlated with the absence of metas-
tasis and recurrence in left-sided colon tumors. These
findings implied that the interaction between TILs and
tumor cells in TME varies depending on the tumor side.
It indicates that tumor location might be an important
factor to take into consideration in therapeutic deci-
sions according to the patients’ immune status and give
physicians a good idea of the prognosis and clinical
outcomes of the disease. However, further validation is
needed.
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