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ABSTRACT

Purpose: CD169 was first identified on macrophages (M¢) and linked to antigen presentation. Here, we
showed CD169 expression on some CD8" T lymphocytes in regional lymph nodes (LNs) and investigated
the function and clinical relevance of CD169"CD8* T cells in tumor-draining LNs of colorectal cancer (CRC)
patients.

Experimental design: Fresh tumor-draining LN tissues from 39 randomly enrolled patients were assessed
by flow cytometry for activation and differentiation of CD1697CD8™ T cells and T cell-mediated killing of
tumor cells. In total, 114 tumor-draining LN paraffin sections from CRC patients were analyzed by multiple-
color immunofluorescence for CD1697CD8" T cell distribution and clinical values. The prognostic
significance of CD1697CD8™ T cells was evaluated by Kaplan-Meier analysis.

Results: A fraction of CD8™" T cells in regional LNs, but not peripheral blood, tonsils, or tumors, expressed
surface CD169. In situ detection of draining LNs revealed preferential localization of CD169"CD8™ T cells to
subcapsular sinus and interfollicular regions, closely associated with CD169" M¢. CD1697CD8 T cell
ratios were significantly lower in peri-tumor LNs than distant-tumor LNs. CD1697CD8" T cells
predominantly expressed activation markers (CD69, HLA-DR, PD-1) with slightly lower CD45RA and CD62L
levels. They produced high granzyme B, perforin, TNF-o, and IFNy levels, and promoted tumor-killing
efficiency ex vitro. Moreover, CD1697CD8™ T cells infiltrating tumor-draining LNs decreased with disease
progression and were strongly associated with CRC patient survival.

Conclusions: We identified novel activated/cytolytic CD1697CD8" T cells selectively present in regional
LNs, potentially serving as a powerful prognostic factor and indicator for selecting patients for
immunotherapy.

Abbreviations: APCs, antigen-presenting cells; CRC, colorectal cancer; DAPI, 40-6-diamidino-2-phenylin-dole; DFS,
disease-free survival; distant-LN, distant-tumor LN; FBS, fetal bovine serum; HLA-DR, human leukocyte antigen DR;
IFNy, interferon y; LNs, lymph nodes; Mg, macrophages; OS, overall survival; PBMCs, peripheral blood mononuclear
cells; PBS, phosphate-buffered saline; PD-1, programmed cell death protein 1; peri-LN, peri-tumor LN; PI, propidium
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Introduction

Colorectal cancer (CRC) is one of the most common malignan-
cies with a high incidence of death for both men and women."
Lymph node (LN) metastasis is a key step in disease progres-
sion and serves as an important parameter in CRC staging.”®
Adjuvant chemotherapy is recommended for patients with LN
metastases in order to prevent tumor recurrence. Thus, ade-
quate LN evaluation is critical for prognosis and treatment of
patients with CRC.>>*

Regional LNs preferentially accommodate naive lympho-
cytes and allow these cells to efficiently encounter antigen-
presenting cells (APCs) that bring in antigens from sur-
rounding tissues.'”'" Efficient tumor priming in the draining
LN can produce antitumor immunity; however, a modulated
LN microenvironment can also provide hospitable soil for

the seeding and proliferation of tumor cells that lead to
metastases.'>"> CD8" T cells play an important effector role
in orchestrating host antitumor immunity through their
capacity to recognize tumor antigens and confer superior
immunological protection against tumors.'*'*> Accordingly, a
favorable prognostic role of tumor-infiltrating CD8" T cells
has been well established in CRC patients.'®'” Despite the
presence of CD8" T cells in the primary tumor, a lower per-
centage of effector CD8" T cells has also been found in the
metastatic or pre-metastatic LN of CRC patients, suggesting
that cell-mediated immunity also depends on the localization
and functional role of CD8* T cells in the tumor-draining
LN.'1® Thus, defining the potential CD8™' T cell subsets in
LNss is essential to understanding their roles and mechanisms
in tumor immunopathogenesis.
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CD169, also known as sialoadhesin or sialic acid binding immu-
noglobulin-like lectin, is the founding member of the Siglec super-
family. It was first identified as a sheep erythrocyte binding
receptor in bone marrow macrophages and found to be involved in
cell-cell adhesion.”® In mouse LNs, anti-CD169 antibodies label
subcapsular sinus and medullary macrophages (M¢), and these
CD169" Mg are poised to rapidly encounter pathogens, antigens,
and exosomes that reach the LN.>'** A recent study demonstrated
that CD169" M¢ could effectively generate CTL responses by
cross-priming CD8" T cells, which in turn, conferred immunity
against re-exposure to the malignant cells.*® The expression of
CD169 in tumor-draining LN and its association with survival in
CRC patients has been recently reported”’; however, the specific
composition and function of CD169" cells in tumor-draining LNs
of cancer patients remain largely unknown. In the current study,
we addressed this issue in CRC and identified a novel T cell subset,
CD1697CD8" T cells. We further investigated their function and
clinical relevance and demonstrated that these cells have a highly
activated and cytolytic phenotype and are positively associated
with patient survival.

Results

CD169"CD8" T cells accumulate in regional LN and
decrease with disease progression in CRC patients

To evaluate the potential role of CD169 in tumor immuno-
pathology, we initially applied immunofluorescence staining
to examine the in situ expression of this molecule in the
tumor-draining LN from CRC patients. CD169" cells were
enriched in the LN sinus, which is the hotspot for CD68*
M¢ (Fig. 1A and S1). Consistent with previous reports,
CD169 protein was mainly expressed on CD68" M¢ in the
LN sinus.””® Interestingly, multi-staining confocal micros-
copy analysis revealed a certain proportion of CD169" cells
were CD3"CD8" T cells (Fig. 1A and S2). Notably, these
CD169"CD8" T cells usually were in close contact with
CD169*CD68" M¢ (Fig. 1A).

To confirm the existence of CD169"CD8" T cells, we used
flow cytometry to examine these cells on circulating leukocytes
and tissue-infiltrating leukocytes isolated from LN tissues of
CRC patients and control donors. A noteworthy population of
CD45*CD14 CD3" CD8*CD169" T cells was detected in the
LN tissues, but not in the peripheral blood or tonsils (Fig. 1B
and Fig. S3A). In addition, the CD1697CD8" T cells were also
present in LN suspensions from patients with other types of
diseases (Fig. S3B). These data suggested that the
CD169"CD8" T cells were selectively present in the regional
LN tissue.

The regional LN can be divided into different groups according
to their location and distance from the primary lesions.’® In CRC,
the number and distribution of LN metastases can significantly
impact the survival of patients.>*” Therefore, we further examined
paired paracolic and intermediate LN tissues from patients with
various stages of CRC. Compared with intermediate LN, the pro-
portion of CD1697CD8" T cell in the paracolic LN was signifi-
cantly decreased in CRC patients but not in control donors (n =
25, p < 0.0001; Fig. 1C). Moreover, we found that ratios of
CD1697CD8* T cells in both peri-LN and distant-LN were lower

in advanced stage CRC patients (stages IV; n = 7) than those in
early stages (stages I, II, and II; n = 18; p = 0.026 for peri-LN and
p = 0.01 for distant-LN; Fig. 1D). In addition, no difference was
observed in the proportion of CD8" T cells between peri-LN and
distant-LN (p = 0.87; Fig. 1E) or between patients in advanced
stage and those in early stages (p = 0.94 for peri-LN and p = 0.65
for distant-LN; Fig. 1C). Collectively, the results indicated that we
have identified the CD169"CD8" T cell subset that was selectively
present in the regional LNs and decreased with progressive stages
in CRC patients.

Phenotypic characteristics of CD169" CD8" T cells

To determine the phenotypic and activation status of
CD169"CD8" T cells, we first analyzed the expression profiles of
CD45RA and CD62L in LN tissues from 25 CRC patient via
multi-parameter flow cytometry (Figs. 2 and S4). Most
CD169"CD8" T cells expressed low levels of CD45RA and the
LN-homing receptor CD62L as compared with CD169-CD8* T
cells, indicating that they were mostly effector memory cells
(CD45RA™CD62L7). Moreover, when gated on the memory
CD8* T cells (CD45RA ™), we found that memory CD169"CD8"
T cells showed higher expression of CD127 (interleukin-7 recep-
tor-cr, which is associated with long-term survival in T lympho-
cytes) than CD169™ counterparts (Fig. S6).

We also found that the CD1697CD8" T cells had higher
expression of the activation markers CD69, PD-1, and HLA-DR,
and the expression pattern of CD169 was positively correlated with
the activation markers CD69 and HLA-DR (Fig. S5). In addition,
CD169"CD8" T cells secreted significantly high levels of cytotoxic
effector molecules (granzyme B, perforin) and had strong abilities
to produce the cytokines TNF-« and IFNy. Similar phenotypic fea-
tures were also found in CD169"CD8" T cells isolated from
tumor-draining LNs of gastric carcinoma and cervical carcinoma
patients (Figs. S6 and S7). Taken together, the results showed that
CD169"CD8" T cells exhibited a highly activated phenotype with
an increased cytotoxic potential phenotype in the tumor-draining
LN of cancer patients.

Quantification of T cell mediated-tumor cell killing

To verify the cytotoxic function of CD1697CD8" T cells,
we next measured the tumor cell killing efficiency using T
cells isolated from tumor-draining LNs of CRC patients.
The effector T cells and target tumor cells were incubated
and harvested for analysis after 5 h. The relative percentage
of PI-positive cells in CFSE labeled-target HCT116 tumor
cells was used to compare the Kkilling efficiency. As
expected, T cells isolated from the distant-LN group with a
higher proportion of CD169*CD8" T cells showed a higher
killing rate of tumor cells compared with the peri-LN
group, which contained a lower proportion of
CD169"CD8™ T cells (Figs. 3A and B). To further visualize
T-tumor cell conjugate formation, T cells from the distant-
LN were labeled with CellTracker™ before being mixed
with an equal proportion of T cells isolated from the peri-
LN and then co-cultured with HCT116 tumor cells. The T
cells confronted with target tumor cells, which could repre-
sent an increase in T-target cell conjugates, were mostly
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Figure 1. CD1691CD8™ T cells are selectively present in the regional LNs and decreased with progressive stages in CRC patients. (A) Immunofluorescence microscopy of
tumor-draining LN sections from CRC patients stained with anti-CD169, anti-CD8" and anti-CD68 monoclonal antibodies. Enlargements show examples of CD1697CD8*
cells (arrowhead) closely associated with CD1697CD68™ cells. (B-E) FACS analysis of CD1697CD8™ T cells in fresh lymphocytes isolated from control donors with hemangi-
oma (n = 2) or congenital megacolon (n = 2) and CRC patients (n = 25). Lymphocytes were gated as CD457CD3"CD14 "~ cells. Representative dot plots of at least three
individuals from more than three independent experiments (B), and the statistical analysis (C-E) of these samples are shown. The continuous and dashed horizontal bars
in C and D represent median values. Results are expressed as means £ SEM.

Prognostic significance of CD1691CD8™" T cells in CRC
patients

from the distant-LN tissues which contained a high fre-
quency of CD169*CD8" T cells (Fig. 3C). These results
indicated that the presence of CD169*CD8" T cells in the
tumor-draining LN could increase the T cell mediated-
tumor killing efficacy in CRC patients.

To address whether the CD169"CD8" T cells present in the
tumor-draining LN are associated with CRC progression, we
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Figure 2. Phenotypic features of CD1697CD8™ T cells in the tumor-draining LN
from CRC patients. The phenotypic characteristics of CD1697CD8" T cells from
fresh CRC tissues of peri-LN (PLN, A) or of distant-LN (DLN, B) were determined by
flow cytometry. Data for perforin, granzyme B, TNF-o, and IFNy were acquired in
cells stimulated with Leukocyte Activation Cocktail (BD PharMingen, San Diego,
CA) at 37°C for 5 h. Results are presented as means & SEM of three separate
experiments. Significant differences are indicated ("p < 0.05; *p < 0.01; “p <
0.001).

analyzed the relevant clinical information and correlated the
data with the location and density of these cells in the LN tis-
sues of 114 patients. CD8" and CD169 labeled by double-color
immunofluorescence staining were scanned and quantified
with an image analysis workstation (Fig. 4A). Using the median
value, densities of CD169" cells, CD8" T «cells, and
CD169"CD8™ T cells in the subcapsular sinus or interfollicular
region allowed the stratification of patients into groups. We
first determined if any significant associations existed between
clinical characteristics and CD169*CD8* T cell density. The
results showed that both in the peri-LN and distant-LN regions,
these cells positively correlated with tumor stage, nodal and dis-
tant metastases, and Dukes’ stage (p < 0.0001; Table 2).
Kaplan-Meier survival curves were then plotted to investi-
gate the association with survival. Positive correlations were
detected between CD1697CD8" T cell density and OS (p <
0.001) and DFS (p < 0.001) in both the peri-LN and distant-
LN regions (Figs. 4B and C). We further investigated whether
the combined analysis of LN regions could improve the predic-
tion of patient survival. For each cell type (CD169"CDS8",

CD169", and CD8"), the combined analysis of peri-LN plus
distant-LN regions (high density in both regions (HiHi) versus
low density in both regions (LoLo)) increased the accuracy of
prediction of DFS and OS time (Figs. 4D and S8). Patients with
a lower density of CD1697CD8™ cell in both the peri-LN and
distant-LN had significantly shorter OS and DEFS than patients
with a higher density (median OS, 19 versus 53 mo; median
DEFS, 6 versus 23 mo; Fig. 4D).

The multivariate Cox proportional hazards analysis was per-
formed, and variables that were associated with survival by uni-
variate analysis were adopted as covariates. In multivariate
analysis, the CD1697CD8%p/CD169"CD8"r; patterns
emerged as an independent prognostic factor of both OS (HR,
0.262; 95% CI, 0.162-0.424; p < 0.0001) and DFS (HR, 0.443;
95% CI, 0.265-0.742; p = 0.002; Table 3). These results sug-
gested that the location and density of CD169"CD8" T cells
was significantly associated with CRC progression and could
serve as a powerful predictor of patient survival.

Discussion

LNs are secondary lymphoid organs that are important for the
initiation of adaptive immune responses, including the induc-
tion of antitumor immunity.”*®*” In the present study, we
identified the novel CD169"CD8" T cells, which were selec-
tively concentrated in the LN tissues from both cancer patients
and control donors, but rarely found in the primary tumors,
peripheral blood, or control tonsils. CD169"CD8" T cells are
effector memory cells that have a highly activated and cytolytic
phenotype, and their levels were decreased in the paracolic LN
close to the primary tumor. Moreover, high levels of
CD169"CD8™ T cells in LNs were significantly associated with
good prognosis in CRC patients.

Adaptive immune responses against infection, grafted organs,
or tumors are usually generated in the draining LN. CD8* T cells
are important effector T lymphocytes for antitumor immunity by
exerting direct and indirect cytotoxicity against tumor cells.***’
Our results demonstrated an unrecognized subpopulation of
CD8* T cells in the regional LNs. These CD1697CD8" T cells
were found to have a highly activated phenotype which expressed
higher levels of CD69, PD-1, and HLA-DR. Most CD169"CD8"
T cells are effector memory cells (CD45RA™CD62L7) with a
strong ability to secrete cytotoxic effector cytokines (granzyme B,
perforin) and immune regulators (TNF-«, IFNy). We also found
that T cells from tumor-draining LNs of CRC patients containing
a greater proportion of CD169*"CD8" T cells demonstrated strong
killing rates of tumor cells in the co-culture system. Moreover, the
density of CD169"CD8™ T cells in the draining LN predicted bet-
ter survival of CRC patients. Taken together, the results suggest
that the presence of CD169"CD8" T cells in the tumor-draining
LN represents an activated antitumor response in the primary
tumor site that can suppress tumor progression.

Tumor invasion into the regional LN is a key step in disease
progression.>””** However, tumors may manipulate the LN
microenvironment to provide hospitable soil for the seeding and
proliferation of tumor cells.’? In the current study, we observed
that levels of CD169"CD8" T cells were significantly lower in
peri-LN than distant-LN, and the ratios of CD1697CD8" T cells
in both peri-LN and distant-LN were higher in early stage CRC
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Figure 3. Visualization of target cell killing by co-culture of T cells from tumor-draining LN with tumor cells. (A) FACS analysis of CD169*CD8" T cells on fresh lympho-
cytes isolated from peri-LN or distant-LN tissues of CRC patients (upper). Lymphocytes were gated as CD457CD37CD14™ cells. T cells (effector cell, E) from tumor-draining
LN were assessed for non-specific cytotoxicity against the HCT116 colorectal cancer cell line (target cells, T) in vitro by a CFSE-based assay (E:T = 5:1). Pl staining was used
to discriminate viable and intact cells from dead subpopulations. Cells were co-cultured and harvested for analysis after 5 h of incubation. (B) The histograms depict the
viable PI positive target dead cell subpopulations. Results are representative of at least three different CRC patients. Paired t-test ("p < 0.05; “*p < 0.01; “*p < 0.001).
(Q) T cells isolated from distant-LN stained with Cell Tracker™ Red were mixed with T cells from peri-LN and then co-cultured with target cells (HCT116) in vitro. T cell-
mediated killing of target cells was monitored by time-lapse epifluorescence and bright field microscopy. The combination of bright field and fluorescence microscopy

allowed the detection of interactions between T cells and target cells.

patients than those in advanced stages. Considering that the peri-
LN is anatomically the nearest group to the tumor nest, the
downregulation of CD169"CD8" T cell ratios suggests the
necessity for the tumor environment to impair the antitumor
functions. Moreover, we found that the decreased density of
CD169"CD8" T cell was associated with LN and distant metas-
tasis, and reduced survival of CRC patients. These data suggest
that CD169"CD8" T cells in the regional LN may provide an
immune defense against tumor invasion.

CD169 is the founding member of the Siglec superfamily of pro-
teins that are often involved in cell-cell adhesion. Studies in murine
systems have shown that CD169" M¢ contribute to antigen reten-
tion and cross-presentation of antigens to CD8" T cells in the LN,
thereby functioning as powerful APCs that significantly contribute
to CTL responses.””>*® The mechanism of generating
CD169"CD8" T cells is presently unknown. T lymphocytes
located adjacent to CD169" M¢ have been shown to be stained for
CD169 due to blebs from CD169" M¢ undergoing fragmenta-
tion.* We found that CD169"CD8™ T cells in the tumor-draining
LN were activated with the ability to secrete cytotoxic effector cyto-
kines, suggesting that these cell are involved in antitumor
responses. Therefore, we speculate that CD8" T cells may have
acquired CD169" M¢-derived membrane blebs during antigen
cross-priming. Additionally, tumors have been suggested to

significantly modulate the microenvironment of LNs.*”***’ Thus,
a better understanding of the mechanism of tumor-modulating
CD169*CD8" T cells may be used to develop new cancer
immunotherapies.

Current clinical practice focuses on histological examination
of LNs for the presence of a tumor, ignoring their immune
microenvironments.***  Our results emphasized that the
immune profile changes in tumor-draining LNs may represent a
sensitive indicator of tumor progression. The decrease of
CD1697CD8" T cells in tumor-draining LN indicates that the
tumor may selectively modulate the context of the antitumor
response to invasion and metastasis. Thus, the presence of
CD169"CD8" T cells in the tumor-draining LN can be a poten-
tial predictive factor to facilitate selection of patients who may
benefit from immune therapies when the clinical response is crit-
ically reliant on the antitumor immunity of T cells.

Materials and methods
Patients and specimens

Tumor-draining LNs or peripheral blood samples were
obtained from 139 patients with pathologically confirmed CRC
at the Cancer Center of Sun Yat-Sen University. We grouped
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Figure 4. Prognostic significance of CD1697CD8" T cells in CRC patients. (A) (Left) A representative example of CD169 and CD8* immunofluorescence staining of a
tumor-draining LN section from CRC patients. CD8™ T cells (red), CD169 cells (green), and nuclei (blue) are shown. (Right) Digital image analyzed with the Nuance image
software. (B-D) Cumulative OS and DFS times were calculated by the Kaplan—-Meier method and analyzed by the log-rank test. The patients were divided into two groups
according to the median value of CD169"CD8™ T cells in peri-LN (B), distant-LN (C), and combined regions (D).

epicolic/epirectal and paracolic/pararectal LNs as peri-tumor
LN (peri-LN), and intermediate and principal/central LNs as
distant-tumor LN (distant-LN), for CRC patients according to
their localization.”®* Paired peri-LN and distant-LN tissues, as
well as blood samples from 25 patients (Group 1) who under-
went surgical resection between 2012 and 2014 were used for
isolation of peripheral blood mononuclear cells (PBMCs) and
leukocytes. Fresh regional LN tissues were obtained from
patients with hepatocellular carcinoma (n = 2), bile duct carci-
noma (n = 2), gastric cancer (n = 3), cervical cancer (n = 3),

hemangioma (n = 2), and congenital megacolon (n = 2). None
of the patients received anticancer therapy before sampling.
Archived, formalin-fixed, paraffin-embedded tissues
obtained from 114 patients (Group 2) who underwent curative
resection between November 2003 and December 2006 with
complete follow-up data were included in the survival analysis.
These LN samples from CRC patients were cut into 5-;m sec-
tions and processed for immunofluorescence staining as
described previously.*® Clinical stages were classified according
to the International Union Against Cancer (UICC) TNM



Table 1. Characteristics of patients.

Patient characteristics Group 1 Group 2

No. of patients 25 114

Age, y (median, range) 59, 40-75 57,25-83

Gender (male/female) 14/11 52/62

Tumor (T) stage (pTis + pT1 + 18/7 48/66
pT2 + pT3/ pT4)

Nodal (N) status (negative/ 15/10 35/75/4
positive/Nx{)

Distant metastases (M) (none 18/7 80/34
detected/present)

Dukes’ stage (A + B/C 4 D) 15/10 36/78

No. of lymph nodes analyzed 10, 1-27 15,0-40
(median, range)

Differentiation (well/ 2/18/5 10/74/30
moderate/poor)

Location (right side of colon/ 7/2/3/9/4 23/6/8/24/53
transverse colon/left side of
colon/sigmoid colon/
rectum)

Mucinous (colloid) 2/23 4/110

adenocarcinoma (No/Yes)

Note:inodal status of four patients in Group 2.

classification (7th Edition, 2010). None of the patients had neo-
adjuvant therapies before surgery. Individuals with concurrence
of autoimmune disease, HIV, and syphilis were excluded. Over-
all survival (OS) was defined as the interval between the dates
of surgery and death or the last follow-up. Disease-free survival
(DES) was defined as the interval between the dates of surgery
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and recurrence or the last follow-up. The clinical characteristics
of the patients are summarized in Table 1.

All samples were anonymously coded in accordance with
local ethical guidelines (as stipulated by the Declaration of Hel-
sinki), and written informed consent was obtained. The protocol
was approved by the Review Board of Sun Yat-sen University.

Isolation of leukocytes

Peripheral leukocytes were isolated by Ficoll density gradient
centrifugation.”” Fresh infiltrating leukocytes were obtained as
described elsewhere.’® Fresh tissue-infiltrating leukocytes from
LNs were obtained based on a modification of a previously
described procedure.” In short, LN tissues were chopped into
small pieces and digested in RPMI 1640 supplemented with
0.05% collagenase IV (Sigma-Aldrich), 0.002% DNase I
(Roche), and 10% fetal bovine serum (FBS) (HyClone Labora-
tories) at 37°C for 20 min. Dissociated cells were filtered
through a 400-um mesh and separated by Ficoll centrifugation.
The leukocytes were washed and resuspended in phosphate-
buffered saline (PBS) supplemented with 2 mM EDTA and 1%
FBS for cell sorting or FACS analysis.

Flow cytometry

Leukocytes were stained with fluorochrome-conjugated mono-
clonal antibodies for CD45RA, CD62L, CD14, CD3, CD8",
CD69, CD107a, programmed cell death protein 1 (PD-1),

Table 2. Association of CD1697CD8™ T cells density with clinicopathologic characteristics.

CD1697CD8™ T cells in PLN

CD1697CD8™ T cells in DLN

No. of patients (%)

No. of patients (%)

Variables Low High p Low High p

Age, y 0.63 0.012
<58 24 23 29 18
> 58 24 28 19 33

Gender 0.13 0.477
Male 19 28 21 26
Female 29 23 27 25

Tumor (T) stage 0.002 <.0001
pTis 4+ pT1 + pT2 + pT3 13 30 10 33
pT4 35 21 38 18

Nodal (N) status 0.002 <.0001
Negative 7 22 2 27
Positive 41 29 46 24

Distant metastases (M) < .0001 < .0001
Negative 21 43 21 43
Positive 27 8 27 8

Dukes’ stage 0.001 <.0001
A+B 7 22 2 27
C+D 41 29 46 24

Differentiation 0.605 0.058
Low 14 12 17 9
High + Moderate 34 39 31 42

No. of lymph nodes analyzed 0.584 0.341
<12 19 23 18 24
> 12 29 28 30 27

Location 0.485 0.622
Colon 26 24 23 27
Rectal 22 27 25 24

Mucinous (colloid) adenocarcinoma 0.305 0.305
Yes 47 51 47 51
No 1 0 1 0

Abbreviations: PLN, peri-tumor lymph node; DLN, distant-tumor lymph node.
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Table 3. Univariate and multivariate analyses of factors associated with survival and recurrence.

0S DFS
Multivariate Multivariate

Variables Univariate p HR 95% CI p Univariate p HR 95% Cl p

Age, y (>58/<58) 162 NA 519 NA
Gender (female/male) .763 NA 674 NA
Tumor stage (pT4/pTis + pT1 + pT2 + pT3) < .001 946 463-1.932 .878 .006 .708 .307-1.629 416
Nodal status (pN1 + pN2/pNO0) < .001 2.747 1.000-7.546 .050 < .001 5.081 1.109-23.290 .036
Distant metastases (Pos/Neg) < .001 3.153 1.657-5.998 < .001 < .001 3.213 1.489-6.933 .003
Differentiation(HTM/L) .024 459 0.252-.837 .011 .086 NA
No. of lymph nodes analyzed (>12/<12) .074 NA 193 NA
Location (rectal/colon) 193 NA 674 NA
CD169CD8p \/CD169CD8p, y patterns < .001 262 .162-.424 < .001 < .001 443 .265-.742 .002

Note: Cox proportional hazards regression model; Variables associated with survival by univariate analysis were adopted as covariates in multivariate analyses.
Abbreviations: OS, overall survivial; DFS, disease-free survival; HR, hazard ratio; Cl, confidence interval; NA, not applicable; Pos, positive; Neg, negative; PLN, peri-tumor

lymph node; DLN, distant-tumor lymph node.
1CD169CD8p \/CD169CD8p y are stratified into three groups (HiHi, LoLo, Het).

human leukocyte antigen DR (HLA-DR), CD43, CCR6,
CXCR3, CD169 (BD or eBioscience), or control antibody. For
intracellular cytokine staining, T cells were stimulated for 4 h
with Leukocyte Activation Cocktail (BD Biosciences, San
Diego, CA), followed by staining with CD3, CD4", and CD8,
fixation, permeabilization with IntraPre Reagent (Beckman
Coulter) and finally stained with antibodies to perforin, gran-
zymes B, IL-10, IL-17, TNF-a, and IFNy. Data were acquired
on a Gallios flow cytometer (Beckman Coulter) and analyzed
with Kaluza software.

Tumor cell lines

A human colorectal carcinoma cell line (HCT116) was
obtained from American Type Culture Collection (Mana-
ssas, VA) and tested for mycoplasma contamination using a
single-step PCR method. Cells were maintained in DMEM
supplemented with 10% FBS and incubated at 37°C with
5% CO,.

CFSE-based cytotoxicity assay

After washing with PBS, the target cell (HCT116) suspen-
sions were resuspended at 2 x 107 cells/mL and labeled
with 5 uM CFSE for 15 min at 37°C. The reaction was
stopped by the addition of an equal volume of FBS, fol-
lowed by a 2-min incubation at room temperature. After
washing, the CFSE-labeled target cells were resuspended in
RPMI 1640 supplemented with 10% FBS and directly used
for co-culture in the presence or absence of T lymphocytes.
The cell concentration was adjusted to 1 x 10° cells/mL for
plating in 24-well plates. T lymphocytes were obtained from
peri-LN and distant-LN of CRC patients with or without
staining with CellTracker™ Red CMTPX (Molecular
Probes) added at different effector-to-target ratios and fur-
ther co-cultured at 37°C for 5 h. The cells were harvested
for quantitative analysis of the subpopulations by flow
cytometry. To stain for dead cells, propidium iodide (PI,
1 pug/mL) was added, and samples were mixed properly and
directly analyzed. Images were captured by using a scanning

confocal (LSM780 META, ZEISS, Jena,

Germany).

microscope

Confocal microscopic analysis

Frozen LN tissue sections were stained with sheep anti-human
CD169 (R&D Systems, Minneapolis, MN, USA), mouse anti-
human CD3 or mouse anti-human CD68 (Thermo Fisher Sci-
entificc, Waltham, MA, USA) and rabbit anti-human CD8"
(Thermo Fisher Scientific), followed by specimen-paired
immunofluorescence secondary antibodies (Life Technologies,
Carlsbad, CA, USA). Nuclei were stained with 40-6-diamidino-
2-phenylin-dole (DAPI) (Vector Laboratories). Images were
viewed and assessed using a scanning confocal microscope
(LSM780 META, ZEISS) and analyzed with LSM780 META
software.

Immunofiuorescence staining

For multiple-color immunofluorescence staining, formalin-fixed,
paraffin-embedded sections were deparaffinized and rehydrated.
Antigen retrieval was performed by microwave treatment in
EDTA buffer pH 9.5, and blockage of non-specific antibody bind-
ing was carried out with 5% BSA. Sections were then incubated
with anti-human CD169 and CD8" overnight at 4°C, followed by
specimen-paired immunofluorescence secondary antibodies. Neg-
ative controls were generated by replacing primary antibodies with
isotype-matched antibodies. Slides were mounted with VECTA-
SHIELD mounting media containing DAPI (Vector Laboratories)
and analyzed on a fluorescent imaging microscope.

Automated image acquisition and quantification

To quantify the multiple-color immunostaining, the Vectra-
Inform image analysis (Perkin-Elmer Applied Biosystems, Fos-
ter City, CA) was performed as described in previous studies.”*
Briefly, the slides were loaded onto the Vectra slide scanner fol-
lowing the protocol. Representative areas for each LN were col-
lected on 2-5 fields from each slide at a constant magnification
of 200x. The stained slides were captured with the Nuance



VIS-FL Multispectral Imaging System (Perkin-Elmer Applied
Biosystems). The spectrum for each chromogen was deter-
mined on single-stained control slides. A spectral unmixing
algorithm separated the grayscale images representing each
spectral component quantitatively. The images were analyzed
with a standard fluorescence-field scanning protocol by InForm
software. The proportions of cells in different populations were
calculated (e.g., the proportion of CD169" cells which were
CD8*' lymphocytes was calculated as: (number of
CD169CD8" cells)/(number of CD1697CD8" cells +
CD169~CD8" cells).

Statistical analysis

All data were summarized as means = SEM and analyzed with
SPSS software (IBM). Comparisons between groups were per-
formed by Student’s t-test. Correlations between variables were
determined by linear regression analysis. Survival was esti-
mated by the Kaplan-Meier method and compared by the log-
rank test. Multivariate analysis of prognostic factors for DFS
and OS was performed using the Cox proportional hazards
model. The x* test was used to test for relationships between
categorical variables. Values of p < 0.05 (two-tailed) were con-
sidered significant.
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