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ABSTRACT

ARTICLE HISTORY

Background: High endothelial venules (HEV) and tertiary lymphoid structures (TLS) are associ-
ated with clinical outcomes of patients with colorectal cancer (CRC). However, because HEV are
components of TLS, there have been few studies of the role of the HEV proportion in TLS (HEV/
TLS). This study investigated the role of the HEV/TLS and its relationship with the tumor
immune microenvironment in CRC.

Methods: A retrospective analysis of 203 cases of tissue pathologically diagnosed as CRC after
general surgery was performed at the First Affiliated Hospital of Jinan University from January
2014 to July 2017. Paraffin sections were obtained from the paracancerous intestinal mucosal
tissues. The area of HEV and TLS and immune cells were detected by immunohistochemistry.
We further divided the positive HEV expression group into the high HEV/TLS group and the low
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HEV/TLS group by the average area of HEV/TLS. After grouping, the data were also analyzed
using the chi-square test, Kaplan-Meier method, and univariate and multivariate Cox propor-
tional risk regression analyses. A correlation analysis of the HEV/TLS and immune cells as well as
angiogenesis was performed.

Results: Patients with a high HEV/TLS in CRC tissue were associated with longer OS, DFS and
lower TNM stage. Meanwhile, CRC tissue with a high HEV/TLS showed a greater ability to recruit
the CD3+ T cells, CD8+ T cells and M1 macrophages and correlated with less angiogenesis.
Conclusively, high HEV/TLS links to the favorable prognosis of CRC patients and correlated with
anti-tumor immune microenvironment, which can be a potential biomarker for prognosis of
CRC patients.

Conclusion: A high HEV/TLS is associated with a favorable prognosis for CRC and is correlated
with the anti-tumor immune microenvironment. Therefore, it is a potential biomarker of the
CRC prognosis.

KEY MESSAGES

e High HEV/TLS is associated with a favorable prognosis for CRC.

e High HEV/TLS correlated with the anti-tumor immune microenvironment of CRC and can serve
as a novel prognostic biomarker.

1. Introduction

Colorectal cancer (CRQ) is the third most common can-
cer and has the second highest cancer-related mortal-
ity worldwide [1]. Several studies have reported that
the tumor microenvironment has an important role
in tumor immunotherapy; However, the biomarker
for evaluating the therapeutic response of

immunotherapy in CRC patients remains limited [2].
Microsatellite status, mutation burden [3],
POLE/POLD1 mutation [4], tumor-infiltrating lympho-
cytes [5,6], and programmed death-ligand 1 expres-
sion [7] have been reported as biomarkers of CRC for

tumor

patients who can benefit from immune checkpoint
inhibitors [8]. However, the immunotherapy response
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is heterogeneous and varies among patients.
Moreover, it is difficult to accurately predict the effect
of immunotherapy on current biomarkers [9].
Therefore, it is necessary to combine multiple indica-
tors or identify novel biomarkers that can more accur-
ately predict the prognosis for and immunotherapy
response of CRC patients.

Recently, it has been reported that tertiary lymph-
oid structures (TLS) can predict the immunotherapy
response and improve the effect of immunotherapy
and the prognosis for cancer patients [10,11]. TLS
are ectopic lymphoid organs that develop with vari-
ous pathophysiological conditions, including auto-
immune and infectious diseases, transplanted organs,
inflammatory disorders, and tumors, and create a
range of context-dependent effects [12]. TLS com-
prise a crucial element of the tumor microenviron-
ment, which is mainly formed by T cells, B cells,
fibroblastic reticular cell networks, high endothelial
venules (HEV), and follicular dendritic cells [12-15].
As a special component of TLS, HEV can express
peripheral node addressin and L-selectin ligands
[16-18], thereby causing infiltration of immune cells
and an anti-tumor effect [19,20]. Accumulating evi-
dence has shown that the presence of HEV is corre-
lated with favorable clinical outcomes of various
cancers, including breast cancer [21], pancreatic can-
cer [22], brain cancer [23], and oral squamous cell
carcinoma [24]. However, the opposite effect has
been reported for HEV with different cancers.
Okayama et al. reported that positive HEV expres-
sion was significantly associated with shorter survival
times of gastric cancer patients [25]. Previous studies
[26,27] have found that HEV are rare and accumu-
late in the extratumoral area. However, it has been
reported that HEV in extratumoral areas results in
an unfavorable prognosis for CRC [28]. Furthermore,
the HEV is a prognostic biomarker for CRC that is
dependent on the presence of tumor-infiltrating lym-
phocytes [29]. Therefore, the role of HEV in CRC and
the relationship between the proportion of HEV in
TLS (HEV/TLS) in CRC remain controversial.

During this study, we found that the HEV/TLS is
different in different CRC tissues. Therefore, we pro-
posed a novel method involving the use of the
HEV/TLS to evaluate the relationship between HEV
expression and clinicopathological characteristics of
CRC patients. We found that high HEV/TLS can serve
as a novel prognostic biomarker and correlated
with  anti-tumor immune microenvironment in
CRC patients.
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2. Materials and methods
2.1. Patient cohort and samples

CRC and matched adjacent normal tissues were col-
lected from patients who underwent surgical resection
for CRC at the First Affiliated Hospital of lJinan
University between January 2014 and July 2017. The
inclusion criteria were as follows: admitted to the First
Affiliated Hospital of Jinan University for surgical treat-
ment; postoperative pathology confirmed CRC; and
complete clinical data and follow-up data were avail-
able. The exclusion criteria were as follows: neoadju-
vant chemoradiotherapy before surgery; the colorectal
tumor was derived from other tumors or the patient
had a history of complications with other tumors; and
the patient died because of a non-disease-related con-
dition. The adjacent normal tissue samples were 5cm
from the edge of the tumors, and all samples were
identified by a pathologist. This study was performed
in accordance with the guidelines of the 1975
Declaration of Helsinki and approved by the Medical
Ethics Committee of the First Affiliated Hospital of
Jinan University.

The baseline characteristics are summarized in
Table 1. Patients were followed-up at outpatient clinics
every 3 months for the first 2 years after surgery. They
were also followed-up every 6 months until death or
January 2020. When patients refused to come to the

Table 1. Baseline characteristics of 203 CRC patients.

Characteristic Number of cases (%)

Age (year)

<60 58 (28.57)

>60 145 (71.43)
Gender

Female 75 (36.95)

Male 128 (63.05)
Location

Right-side colon 41 (20.20)

Left-side colon/rectum 162 (79.80)
T classification

=T, 39 (19.21)

T3-T, 164 (80.79)
N classification

No 121 (59.61)

Ni=N, 82 (40.39)
Metastasis

Mo 182 (89.66)

M, 21 (10.34)
TNM stage

1=l 119 (58.62)

-1V 84 (41.38)
MMR

p-MMR 165 (81.28)

d-MMR 38 (18.72)
HEV expression

Negative 97 (47.78)

Positive 106 (52.22)

CRC: colorectal cancer; TNM: tumor-nodes-metastasis; MMR: mismatch
repair; pMMR: proficient mismatch repair; dMMR: deficient mismatch
repair; HEV: high endothelial venules.
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hospital for follow-up, a telephone follow-up survey
was performed. At each follow-up appointment,
patients underwent a physical examination, laboratory
investigation, and contrast-enhanced computed tom-
ography or magnetic resonance imaging of the chest,
abdomen, and pelvis. Overall survival (0OS) was calcu-
lated from the date of colorectal resection to death or,
for those alive, to the date of the last follow-up exam-
ination. Disease-free survival (DFS) was defined as the
time between the onset of disease and relapse or
death caused by disease progression. The median fol-
low-up period was 50.0 months (0-72 months). Tumors
were restaged and regraded based on the 8th edition
of the American Joint Committee on Cancer tumor-
node-metastasis (TNM) staging system and the 2017
World Health Organization classification.

2.2. Immunohistochemistry

The following methods and experimental steps to
determine the mismatch repair (MMR) status were pro-
vided by the Department of Pathology of our hospital.
Immunohistochemistry (IHC) staining for MutL protein
homolog 1 (MLH1), postmeiotic segregation increased
2 (PMS2), MutS protein homolog 2 (MSH2), and MutS
protein homolog 6 (MSH6) was performed for all CRC
cases. Antigen retrieval was performed using Tris/
EDTA buffer and microwave treatment for 30 min.
Sections were incubated overnight with primary anti-
bodies against MLH1 (1:25; M3640; DAKO), MSH2
(IR085, ready-to-use; DAKO), and MSH6 (IR086, ready-
to-use; DAKO) at room temperature and PMS2 (1:50;
M3647; DAKO) at 4°C. Sections were incubated at
room temperature with Autostainer Link (DAKO) for
30 min, followed by incubation with the corresponding
secondary antibody. Detection was performed using
the EnVision Detection System with peroxidase (rab-
bit)/DAB (mouse) (K5007; DAKO). Furthermore, 3,3'-dia-
minobenzidine was used as the chromogen. The slides
were counterstained with hematoxylin, dehydrated,
and mounted. Slides were evaluated by two observers
blinded to the patient and tumor characteristics.
Discrepancies were discussed and reviewed using a
multihead microscope until a consensus was reached.
Intact IHC staining of MMR proteins was defined as
positive staining for all MLH1, MSH2, MSH6, and PMS2
proteins, whereas deficient IHC staining was defined
as negative staining of any of these four proteins [30].

Formalin-fixed, paraffin-embedded specimens were
obtained from 203 patients. To further assess the
tumor immune microenvironment of colorectal
tumors, IHC staining was performed using serial

sections from the patients. First, 4-um-thick sections
were cut with a microtome; then, the slides were
deparaffinized in xylene and rehydrated in ethanol.
Antigen retrieval was performed in Tris/EDTA buffer
using microwave treatment for 23 min. Endogenous
peroxidase was blocked using 3% hydrogen peroxid-
ase for 25min and washed with phosphate-buffered
saline (1:2000; G0002-2L; Servicebio, Wuhan, China).
Protein blocking was performed using QuickBlock™
blocking buffer for Immunol staining (P0260; Beyotime
Biotechnology, Nanjing, China) for 30 min. The primary
antibody was diluted in QuickBlock™ primary anti-
body dilution buffer for Immunol staining (P0262;
Beyotime Biotechnology) and incubated overnight at
4°C, followed by washing in phosphate-buffered
saline and incubation with the secondary antibody
(1:400; P0267; Beyotime Biotechnology) for 50 min.
Immpress anti-rabbit, anti-rat, or anti-mouse was used
depending on the species of the primary antibody.
DAB was used to visualize antibody complexes. At
least three fields (20x) per area were evaluated for
each marker. Quantification of tumor-infiltrating
immune cells and vessels was performed by the same
pathologist. Slides were stained for MECA-79+ HEV,
CD3+ T cells, CD8+ T cells, HLA-DR (M1 macro-
phages), and CD31+ vessels. The details of the pri-
mary antibodies used for IHC and staining conditions
are provided in Supplementary Table 1.

2.3. Evaluation of HEV and TLS in CRC

The MECA-79 monoclonal antibody specifically reports
HEV-expressed ligands for L-selectin by recognizing a
critical sulfation-dependent determinant of these
ligands [31]. No uniform standard was available for
the histopathological TLS scoring system, and TLS was
defined as the cumulative area of ectopic lymphocytes
found by IHC according to the criteria of previous
studies [32-34]. During our study, we defined a new
evaluation criterion: the HEV/TLS. We used ImageJ
software to calculate the area of TLS in the red dotted
line and calculate the HEV in the TLS in the same way.
The HEV/TLS is the area of the HEV in the TLS divided
by the area of the TLS.

2.4. Evaluation of tumor-associated lymphocytes
and angiogenesis in CRC

Similarly, we evaluated the proportion of tumor-associ-
ated lymphocytes by counting the number of CD3+
cells, CD8+ T cells, and HLA-DR+ (M1 macrophages)
in TLS. The CD31+ vessel can represent angiogenesis,
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whereas the CD31 biomarker can nonspecifically label
HEV [35,36]. Therefore, the area of angiogenesis is the
area of CD31-+-labeled blood vessels minus the area
of MECA-79+-labeled HEV in the TLS.

2.5, Statistical analysis

All statistical analyses were performed using SPSS soft-
ware (version 23.0; SPSS Inc., Chicago, IL), GraphPad
Prism software (version 8.0; GraphPad, La Jolla, CA),
and Image) Launcher software (version 1.4.3.67). The
optimal threshold of the proportion of HEV expression
in TLS was identified by applying the mean from the
average expression area of all HEV expressions in the
TLS. The Mann-Whitney U test was used to investigate
continuous variables with unequal variance. The
Spearman correlation or Pearson i’ test was used to
examine correlations. Survival curves were plotted
using the Kaplan-Meier method and tested using a
log-rank test. Univariate and multivariate Cox propor-
tional risk regressions were performed to evaluate the
prognostic factors for OS and DFS. Those found to be
significant by the univariate analysis were subjected to
multivariate COX proportional risk regressions analyze.
A two-tailed p<0.05 was considered statistically
significant.

3. Result

3.1. HEV expression was not associated with
clinical outcomes of CRC patients

IHC revealed that HEV was mainly expressed in CRC
tissue, but that it was less expressed in the adjacent
normal tissue (Figure 1(A)). Based on the different HEV
expressions, we divided the 203 patients into the HEV-
negative and HEV-positive expression groups. The clin-
icopathological characteristics of the two groups are
summarized in Table 1. The presence of HEV was not
associated with the clinicopathological characteristics
of CRC patients, such as age (p=0.143), sex
(p =0.089), location (p=0.578), T stage (p=0.626), N
stage (p=0.735), M stage (p=0.633), TNM stage
(p=0.969), and MMR status (p=0.955) (Table 2). We
also examined the association between HEV and the
prognosis for patients with CRC. However, our results
showed that patients with positive HEV expression did
not exhibit longer OS and DFS than those with nega-
tive HEV expression (Figure 1(B,Q)).

We systematically analyzed the influence of HEV
expression at different clinical stages. By calculating
the OS and DFS associated with stage |-ll and stage
-1V, we also found that HEV expression had no
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relationship with OS and DFS (p > 0.05) (Figure 1(D,G),
Supplementary Figure S1A and S1B). To investigate
the prognostic significance of HEV expression, we con-
ducted univariate and multivariate COX proportional
risk regressions analysis (Tables 3 and 4). According to
the univariate survival analysis, age, gender, location,
MMR status, and HEV expression were not independ-
ent factors for OS (p=0.357, p=0.087, p=0.527,
p=0.229, and p=0.261, respectively) and DFS
(p=0362, p=0.102, p=0.571, p=0.212, and
p =0.244, respectively). However, the TNM stage was
an independent factor for OS (hazard ratio [HR], 2.280;
95% confidence interval [Cl]: 1.447-3.593; p=0.000)
and DFS (HR, 2.299; 95% Cl, 1.459-3.624; p=0.000).
According to the multivariate survival analysis involv-
ing the same parameters, positive HEV expression was
not associated with OS (HR, 0.749; 95% (|,
0.477-1.175; p=0.321) or DFS (HR, 0.745; 95% I,
0.475-1.169; p = 0.296).

3.2. Correlation between the HEV/TLS and
prognosis for CRC

Interestingly, we observed different area proportions
of HEV in the TLS in CRC tissues (Figure 2(A)). Because
TLS is a novel predictive biomarker for various cancers,
and because HEV is a critical element of TLS, we were
interested in whether the HEV/TLS could be a predict-
ive biomarker for CRC. We calculated the area of HEV
expression in the TLS and created two groups (low
HEV/TLS and high HEV/TLS) based on the results and
the mean proportion of the area (4.168%) of CRC
patients with positive HEV expression (Figure 2(A)).
Because the status of having no HEV expression has
an important role in the analysis of OS, we systematic-
ally analyzed the OS and DFS of three groups (nega-
tive HEV expression, low HEV/TLS, and high HEV/TLS
groups) (Figure 2(B,C)). The results showed obvious
differences among these groups (OS: p=0.047; DFS:
p =0.006). According to the subgroup analysis, the OS
of the group with a high HEV/TLS was longer than
that of the group without HEV expression (p=0.001)
and that of the group with a low HEV/TLS (p=0.004)
(Figure 2(B)); this outcome was similar to that for DFS
(Figure 2(Q)) (high HEV/TLS vs. low HEV/TLS: p =0.001;
high HEV/TLS vs. negative HEV expression: p=0.019).
Moreover, the OS and DFS of the groups (low HEV/TLS
vs. negative HEV expression) were not statistically sig-
nificant (Figure 2(B,Q)).

We evaluated the association of the HEV/TLS with
OS and DFS at different stages of CRC. Patients with a
high HEV/TLS had longer OS and DFS with stage I
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Figure 1. Characterization of CRC-associated HEV and the patient survival outcomes. (A) Representative images of immunobhis-
tochemistry staining CRC tissues and adjacent tissue showing the expression of HEV (black arrowheads). The solid black line indi-
cates the scale bar, 100 mm. (B-C) Kaplan-Meier curves were used for comparison of OS and RFS among patients with negative
or positive HEV expression. Significance was tested by log-rank test. (D-G) Kaplan-Meier curves for OS and RFS in different stage
CRC patients with negative or positive HEV expression. Significance was tested by log-rank test. OS: overall survival; DFS: disease-
free survival; HEV: high endothelial venules.
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Table 2. Correlation between HEV expression and clinicopathological characteristics of CRC (n = 203).

2

Characteristics Negative HEV expression Positive HEV expression b4 p Value

Age (year) 2.150 0.143
<60 23 35
>60 74 71

Gender 2.888 0.089
Female 30 45
Male 67 61

Location 0.310 0.578
Right-side colon 18 23
Left-side colon/rectum 79 83

T stage 0.237 0.626
T, 20 19
T3-T,4 77 87

N stage 0.115 0.735
No 59 62
Ny=N, 38 44

M stage 0.228 0.633
Mo 88 94
M, 9 12

TNM stage 0.002 0.969
11l 57 62
N-1v 40 44

MMR 0.003 0.955
p-MMR 79 86
d-MMR 18 20

TNM: tumor-nodes-metastasis; MMR: mismatch repair; p-MMR: proficient mismatch repair; d-MMR: deficient mismatch repair;
HEV: high endothelial venules.

Table 3. Analysis for OS using the univariate and multivariate Cox proportional hazards regression model in the patient with

CRC (n=203).
Univariate analysis Multivariate analysis

HR 95% Cl p Value HR 95% Cl p Value
Age (y) 1.277 0.759-2.150 0.357
(>60 vs. <60)
Gender 1.534 0.939-2.506 0.087
(Male vs. Female)
Location 0.840 0.489-1.442 0.527
(Left-side colon / rectum vs. Right-side colon)
TNM Stage 2.280 1.447-3.593 0.000 2.306 1.462-3.363 0.000
(N=1V vs. I-11)
MMR 1.395 0.812-2.396 0.229
(d-MMR vs. p-MMR)
HEV expression 0.772 0.492-1.212 0.261 0.749 0.477-1.175 0.208

(Positive vs. Negative)

0S: overall survival; TNM: tumor-nodes-metastasis; MMR: mismatch repair; p-MMR: proficient mismatch repair; d-MMR:
high endothelial venules; CI: confidence interval; HR: hazard ratio.

deficient mismatch repair; HEV:

Table 4. Analysis for DFS using the univariate and multivariate Cox proportional hazards regression model in the patient with

CRC (n=203).
Univariate analysis Multivariate analysis

HR 95% Cl p Value HR 95% Cl p Value
Age (y) (>60 vs. <60) 1.274 0.757-2.144 0.362
Gender 1.505 0.922-2.457 0.102
(Male vs. Female)
Location 0.856 0.499-1.468 0.571
(Left-side colon/ rectum vs. Right-side colon)
TNM Stage 2.299 1.459-3.624 <0.0001 2322 1.472-3.661 <0.0001
(NI=1V vs. I-I1)
MMR 1.411 0.822-2.424 0.212
(d-MMR vs. p-MMR)
HEV expression 0.765 0.488-1.201 0.244 0.745 0.475-1.169 0.296

(Positive vs. Negative)

DFS: disease-free survival; TNM: tumor-nodes-metastasis; MMR: mismatch repair; p-MMR: proficient mismatch repair; d-MMR: deficient mismatch repair;
HEV: high endothelial venules; CI: confidence interval; HR: hazard ratio.
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(Supplementary Figure 1(C,D)), stage I|-+Il (Figure
2(D,E)), and stage Ill+IV (Figure 2(F,G)) than patients
with a low HEV/TLS. However, with other stages, the
OS and DFS had no statistical significance
(Supplementary Figure 1(C,D)).

To comprehensively understand the association of
the HEV/TLS with OS and DFS, we combined patients
with a low HEV/TLS and patients with negative HEV
expression into one group (none or low HEV/TLS) for
analysis. Patients with a high HEV/TLS exhibited signifi-
cantly longer OS and DFS than patients with negative
HEV expression or a low HEV/TLS (OS: p=0.001; DFS:
p =0.004) (Figure 2(H,I)).

3.3. Correlation between the HEV/TLS and
clinicopathological characteristics of CRC

We analyzed the correlation between the HEV/TLS and
clinicopathological characteristics under two different
conditions (none or low HEV/TLS vs. high HEV/TLS). As
shown in Table 5, a high HEV/TLS was associated with
a lower TNM stage (p=0.049), but not with age, sex,
location, and MMR status (p > 0.05).

Univariate and multivariate survival COX propor-
tional risk regressions analysis indicated that a high
HEV/TLS was an independent prognostic factor for
favorable OS (univariate: HR, 0.376, 95% (I,
0.193-0.732, p=0.004; multivariate: HR, 0.413, 95% Cl,
0.211-0.808, p=0.010) and DFS (univariate: HR, 0.374,
95% Cl, 0.192-0.729, p =0.004; multivariate: HR, 0.412,
95% Cl, 0.211-0.805, p = 0.009) (Tables 6 and 7).

3.4. High HEV/TLS correlated with anti-tumor
immune microenvironment

We examined the correlation between the HEV/TLS,
tumor-infiltrating immune cells, and angiogenesis in
CRC. CRC tissue with a high HEV/TLS could recruit
more immune cells, such as CD3+ T cells, CD8+ T
cells, and HLA-DR 4+ M1 macrophages, than CRC tissue
with low HEV/TLS, which had fewer areas of CD31-+
vessels (Figure 3(A,B)). According to the correlational
analysis, the HEV/TLS was positively correlated with
the numbers of CD3+ T cells (r=0.869; p=0.000),
CD8+ T cells (r=0.884; p=0.000), and HLA-DR + M1
macrophages (r=0.855; p =0.000), and negatively cor-
related with the area of CD31+ vessels in the TLS (r =
—0.520; p=0.027) (Figure 3(Q)).

4. Discussion

Although HEV have been expressed and investigated
in various tumors, little is known about their role in

CRC. However, the presence of HEV has served as a
predictor of a positive prognosis for CRC [21,37,38].
Other studies have indicated that the presence of HEV
was not associated with the prognosis of patients with
Dukes’ C tumors and did not indicate a favorable
prognosis [28]. Therefore, the role of HEV in CRC
remains controversial. Our study is the first to con-
struct a novel method involving the use of the HEV/
TLS to clarify the role of HEV in TLS and CRC. We also
discovered that the HEV/TLS could serve as a prognos-
tic biomarker for CRC. A high HEV/TLS was associated
with a lower TNM stage and longer OS and DFS for
patients with CRC. Additionally, we demonstrated that
a high HEV/TLS in the tumor was correlated with the
anti-tumor immune microenvironment, as indicated by
increased CD3+ T cells, CD8+ T cells, and M1 macro-
phage infiltration and attenuated angiogenesis
near HEV.

Our study proposed a novel method of evaluating
the role of HEV in CRC and the relationship between
HEV and TLS. Our results showed that the HEV/TLS
can more accurately predict the prognosis for CRC
than HEV expression. As a special venule in tumors,
HEV can transport immune cells to the tumor tissue
and promote the formation of TLS. However, TLS con-
tain many types of lymphocytes, such as CD8+ T cells,
CD3+ T cells, and M1 macrophages [13]. The TLS com-
ponents have different effects on tumors. For example,
CD8+ T cells and B cells have an anti-tumor role,
whereas Treg cells act as immunosuppressors that
decrease the effectiveness of therapy [39,40]. Some
studies have reported that TLS are a favorable prog-
nostic biomarker for different cancers, including gastric
cancer [41], pancreatic cancer [16], breast cancer [42],
liver cancer [43], melanoma [10], and lung cancer [26].
However, peritumoral TLS expression indicates
unfavorable clinicopathological characteristics and a
worse prognosis for hepatocellular carcinoma [44].
HEV, as a key component of TLS, also have a dual role
in various tumors. Some studies reported that HEV
serve as independent biomarkers of favorable progno-
ses for some tumors, including breast cancer [21], mel-
anoma [45] and oral squamous cell carcinoma [24].
However, it has been reported that HEV have the
opposite role in gastric cancer [25]. Hence, the prog-
nosis cannot be accurately judged using HEV or TLS
alone. Our study showed that a high HEV/TLS can
serve as an independent factor for predicting favor-
able OS and DFS for CRC patients. Our results indicate
that the HEV/TLS is more reliable because it involves a
ratio of both HEV and TLS, which may eliminate errors
in judgment caused by using HEV or TLS alone to
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Figure 2. Characterization of different HEV/TLS and the patient survival outcomes. (A) Representative images of immunohisto-
chemistry staining CRC tissues showing the different HEV/TLS (black arrowheads represent the HEV, black dotted lines are TLS, the
top row is low HEV/TLS and the bottom row is high HEV/TLS). The solid black line indicates the scale bar, 100 mm. (B—C) Kaplan-
Meier curves were used for comparison of OS and RFS in the CRC patient among three groups (High HEV/TLS vs. Low HEV/TLS vs.
negative HEV expression). Significance was tested by log-rank test. (D-G) Kaplan-Meier curves for OS and RFS in different stage
CRC patients with high HEV/TLS or low HEV/TLS. Significance was tested by log-rank test. (H-I) Kaplan-Meier curves for OS and
RFS in CRC patients in the different group (High HEV/TLS vs. None or Low HEV/TLS). OS: overall survival; DFS: disease-free survival;
HEV: high endothelial venules.
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Table 5. Correlation of HEV/TLS with clinicopathological char-
acteristics (n = 203).

HEV/TLS

Characteristics HEV None or low  High 7 p Value

Age (years) 2.456 0.117
<60 40 18
>60 115 30

Gender 1.249 0.264
Female 54 21
Male 101 27

Location 0.082 0.775
Right-side colon 32 9
Left-side colon/ rectum 123 39

T stage 0.556 0.456
T1-T2 28 1
T3-T4 127 73

N stage 2.183 0.140
No 88 33
Ni=N, 67 15

M stage 0.632 0.427
Mo 137 45
M, 18 3

TNM stage 3.865 0.049
Il 85 34
- 70 14

MMR 1.598 0.206
p-MMR 123 42
d-MMR 32 6

TNM: tumor-nodes-metastasis; MMR: mismatch repair; p-MMR: proficient
mismatch repair; d-MMR: deficient mismatch repair; HEV: high endothelial
venules; TLS: tertiary lymphoid structures.

evaluate CRC. Using the same standards, the same
results can be observed for patients with stage Il CRC,
which further confirmed our hypothesis that a high
HEV/TLS is associated with longer OS and DFS. These
results also indicate that a high HEV/TLS is a bio-
marker of a favorable prognosis for CRC patients.

In the subgroup analysis, our results showed that
the HEV/TLS was related to the TNM stage. Previous
studies found that the function and morphology of
the sentinel lymph node HEV change in the metastatic
axillary lymph nodes of patients with breast cancer.
The lumen of HEV increases and the wall becomes
thinner, thus leading to defective immune cell traffick-
ing, which causes lymph node metastasis [46].
Therefore, the association between a high HEV/TLS
and metastasis could explain the predictive value of
the HEV/TLS during clinical staging of CRC. This is why
the number of patients with stage Ill-IV disease was
lower than the number of patients with stage I-ll dis-
ease. Although HEV is closely associated with tumor
metastasis and clinical stage, further evidence is
needed and the potential mechanisms of the TNM
stage and HEV/TLS must be investigated. Based on the

Table 6. Analysis for OS using the univariate and multivariate Cox proportional hazards regression model in the patient with

the HEV expression (n = 203).

Univariate analysis

Multivariate analysis

HR 95% Cl p Value HR 95% Cl p Value
Age (years) (>60 vs. <60) 1.277 0.759-2.150 0.357
Gender 1.534 0.939-2.506 0.087
(Male vs. Female)
Location 0.840 0.489-1.442 0.527
(Left -side colon/ rectum vs. Right-side colon)
TNM stage 2.280 1.447-3.593 0.000 2.121 1.343-3.349 0.001
(N=1V vs. I-11)
MMR 1.395 0.812-2.396 0.229
(d-MMR vs. p-MMR)
HEV/TLS 0.376 0.193-0.732 0.004 0.413 0.211-0.808 0.010

(High vs. None or low)

0S: overall survival; TNM: tumor-nodes-metastasis; MMR: mismatch repair; p-MMR: proficient mismatch repair; d-MMR: deficient mismatch repair; HEV:
high endothelial venules; TLS: tertiary lymphoid structures; Cl: confidence interval; HR: hazard ratio.

Table 7. Analysis for DFS using the univariate and multivariate Cox proportional hazards regression model in the patient with

colorectal cancer (n=203).

Univariate analysis

Multivariate analysis

HR 95% Cl p Value HR 95% Cl p Value
Age (years) (>60 vs. <60) 1.278 0.760-2.151 0.355
Gender 1.504 0.921-2.455 0.103
(Male vs. Female)
Location 0.859 0.501-1.475 0.582
(Left -side colon/ rectum vs. Right-side colon)
TNM stage 2.295 1.456-3.617 0.000 2,132 1.350-3.368 0.001
(NI-1V vs. I-11)
MMR 1.404 0.818-2.412 0.218
(d-MMR vs. p-MMR)
HEV/TLS 0.374 0.192-0.729 0.004 0.412 0.211-0.805 0.009

(High vs. None or low)

DFS: disease-free survival; TNM: tumor-nodes-metastasis; MMR: mismatch repair; p-MMR: proficient mismatch repair; d-MMR: deficient mismatch repair;
HEV: high endothelial venules; TLS: tertiary lymphoid structures; Cl: confidence interval.
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Figure 3. Relationship between different HEV/TLS and the immune cell infiltration in CRC tissue. (A) Representative images of
immunohistochemistry staining CRC tissues showing the different HEV/TLS (black dotted lines represent TLS, the top row is low
HEV/TLS and the bottom row is high HEV/TLS). The solid black line indicates the scale bar, 100 mm. (B) The number of CD3+,
CD8+ T cell and HLA-DR + M1 macrophage and area of CD 31+ vessel was compared between CRC patients with high HEV/TLS
or low HEV/TLS (each group, n=09; *, p<0.05; **, p<0.001, **** p<0.0001). (C) Correlation analysis between HEV/TLS and
the number of CD3+-, CD8+ T cell and HLA-DR + M1 macrophage and area of CD 31+ vessel (each group, n=18).
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relationship between HEV and metastasis,previous
studies found that a fusion compound of the cytokine
LIGHT and a vascular targeting peptide (LIGHT-VTP)
can induce HEV to prevent tumor metastasis [47]. This
may provide a new treatment pathway for terminal
cancer patients in the future.

Our study also revealed that the high HEV/TLS
group can recruit more CD3+ T cells, CD8+ T cells,
and M1 macrophages than the low HEV/TLS group.
These results indicate that a high HEV/TLS is corre-
lated with the ability to recruit immune cells. As
reported by previous studies, HEV can recruit T cells
with chemokine ligand 21 [48] and B cells with che-
mokine ligand 19 [20]. Additionally, HEV recruit B cells
in an IL-36y-dependent autocrine manner into the
tumor [49]. Tumor-infiltrating lymphocytes have been
found to have a favorable impact on the prognosis for
CRC [50]. Furthermore, the quantity of CD8+ T cells
was found to be associated with favorable clinical out-
comes of early CRC [38]. In fact, the more HEV present
in the tumor, the more specific pathways there are to
help immune cells, especially for the anti-tumor lym-
phocytes entering the tumor. Our hypothesis was pre-
liminarily confirmed by the results of the correlation
analysis of the HEV/TLS and immune cell infiltration
performed during our study. Chemokines from the
HEV and the lumen of the transport passage formation
by HEV in TLS are potential mechanisms for high HEV/
TLS recruitment of more anti-tumor lymphocytes.
Because of the increase in anti-tumor immune cells,
the anti-tumor effect can be enhanced, which can
benefit the prognosis for CRC.

We observed less neovascularization near HEV in
the high HEV/TLS group. These results indicate a cor-
relation between angiogenesis and HEV. Recent stud-
ies have shown that HEV can promote the infiltration
of CD8+ T cells, thus restricting endothelial cell prolif-
eration and angiogenesis [51-53]. This may be the rea-
son for the attenuated angiogenesis near HEV.
Moreover, combined anti-angiogenic and anti-
programmed death-ligand 1 therapy stimulates HEV
formation, which phenomenon made the researchers
hypothesize that normalization of tumor vessels may
be the first step in promoting HEV formation [54].
Finally, HEV recruit immune cells, especially M1 macro-
phages, which can also inhibit tumor angiogenesis
[55]. Therefore, further studies are required to investi-
gate their relationships with cancers.

For limitations, our work only used single-center
samples. Studies of pathological tissues and further
mechanisms and functions should be performed
in vivo and in vitro. Additional studies involving

different clinical cohorts are necessary to confirm the
clinical significance of the HEV/TLS.

In conclusion, we used the HEV/TLS to predict the
prognosis for CRC. We found that a high HEV/TLS can
serve as a novel prognostic biomarker for favorable
outcomes and is correlated with the anti-tumor
immune microenvironment of CRC.
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