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NK cells and T cells cooperate during the clinical

course of colorectal cancer

Giuseppe Sconocchia'*, Serenella Eppenberger?, Giulio C Spagnoli®, Luigi Tornillo?, Raoul Droeser®, Sara Caratelli’,
Francesca Ferrelli*, Andrea Coppola®, Roberto Arriga*, Davide Lauro®, Giandomenica lezzi?, Luigi Terracciano?,

and Soldano Ferrone®

"Laboratory of Tumor Immunology and Immunotherapy; Institute of Translational Pharmacology; CNR, Rome, Italy; %Institute of Pathology; University of Basel; Basel, Switzerland;
3Institute of Surgical Research and Hospital Management; University of Basel; Basel, Switzerland; “Institute of Systems Medicine; University of Rome “Tor Vergata”; Rome, ltaly;

Department of Surgery; Massachusetts General Hospital; Harvard Medical School; Boston, MA USA

Keywords: CD8 T cell, colorectal carcinoma, cooperation, lymphocyte, NK cell, survival, tumor

Abbreviations: ADCC, antibody dependent cellular cytotoxicity; BC, breast cancer; CRC, colorectal carcinoma; CTL, cytotoxic T
lymphocytes; DC, dendritic cells; FGFR, fibroblast growth factor receptor; GIST, gastrointestinal stromal tumor; HCC, hepatocellu-
lar carcinoma; HLA, human leukocyte antigen; IDO, indoleamine-2, 3-dioxygenase; IFNY, interferon y; IRB, Institutional Review
Board; LFA-1, lymphocyte function-associated antigen-1; MICA/B, the major histocompatibility complex (MHC) Class I
polypeptide-related sequence A/B; MHC, the major histocompatibility complex; MMPs, matrix metalloproteinases; NK, natural

killer; PGE2, prostaglandin E2; RCC, renal cell carcinoma; ROC, receiver operating characteristics; TAMs, tumor-associated

macrophages; TGF-B1, transforming growth factor f1; TILs, tumor-infiltrating lymphocytes

Recent evidence suggests that natural killer (NK) cells are typically defective in infiltrating solid tumors, with the
exception of gastrointestinal stromal tumors (GIST). Interestingly, however, infrequently infiltrating NK cells do not
appear to have a direct effect on tumor progression. Here, prompted by the recent evidence that NK cell and T cell
crosstalk may trigger, or enhance, tumor antigen-specific immune responses, we have tested the clinical significance of
this reciprocal signaling. To this end, a tissue microarray constructed with 1410 colorectal carcinoma (CRC) patient
specimens was stained with NK and T cell antigen-specific monoclonal antibodies, utilizing the immunoperoxidase
staining technique. Cut-off scores for positive (>4 NK cells) and negative (<4 NK cells) NK cell CRC patient samples were
determined using receiver operating characteristic curve analysis. Using this approach, NK cells were detected in 423
(30%) of the 1410 CRC specimens evaluated. The number of NK cells was >4 in only 132 (9%) of CRC samples.
Correlation of the immunohistochemical staining results together with analysis of the clinical course of the disease
revealed that the infiltration of colorectal tumors with both NK cells and CD8+ T cells is associated with prolonged
patient survival. In contrast, infiltration of tumors with NK cells in combination with CD3* and CD4" T lymphocytes had
no detectable effect on the clinical course of the disease. These results suggest that NK cell and CD8™ T cell crosstalk in
the tumor microenvironment may benefit patient outcome and further, that the enumeration of infiltrating NK and

CD8™ T cells in CRC tumors may provide useful prognostic information.

Introduction

Convincing evidence suggests that the nature and function of
inflammatory cells infiltrating the tumor microenvironment play
a pivotal role in the clinical course of colorectal cancer (CRC).
The tumor microenvironment can potentially be infiltrated by a
variety of immune cells including T helper (T}) and cytotoxic T
lymphocytes (CTLs), mast cells, plasma cells and macrophages.
In contrast, NK cells and neutrophils are among the most scarce
immune cell populations within the tumor." Often, colorectal
tumors are markedly infiltrated with tumor-associated
macrophages (TAMs).>® On the basis of FeyRIII (CD16)
expression, 2 populations of TAMs (CD16" versus CD16")
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have been identified. Only CD16™ TAM:s are associated with a
favorable clinical course of the discase.* Additional studies have
shown that a sub-population of CD16"TAMs is myeloperoxi-
dase positive, CD15" and CD66b™, an expression profile consis-
tent with a granulocyte phenotype.”® In addition to TAM
infiltration, the presence of effector memory CD8™" T cells and T
helper type 1 (Th1)-related cytokine products (includingIL-18),”
as well as CD4™ regulatory T cell infiltration, are also associated
with a favorable prognosis *? in CRC patients.

NK cells mediate a strong antitumor activity in murine mod-
els and human myeloid leukemia.”'" In contrast, conflicting
information is available about the role of NK cells in human solid
tumors.” According to Gulubova ez al, Marechal er al, and
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Menon et al,'>'* NK infiltration of neoplastic lesions is associ-
ated with a reduced risk of relapse and prolonged survival,
whereas according to Sandel ez 4/, and Halama ez al,'>'® the
presence of infiltrating NK cells has no effect on the clinical
course of the disease.”>'® We have also examined NK cell infil-
tration in a large number of solid tumors including 1414 CRC,
385 breast carcinomas (BC), 117 renal cell carcinomas (RCC),
336 hepatocellular carcinomas, (HCC) and 284 melanomas. In
most of these solid malignancies, NK cell infiltration was barely
detectable.*!7"18

Although NK cells have a limited ability to infiltrate the CRC
microenvironment, there is a subpopulation of CRC patients
with lesions infiltrated with a sufficient number of NK cells suit-
able for statistical analysis. In prior studies, NK cell infiltration
was detected in about 30% of colorectal tumor specimens.
Importantly, NK cell infiltration was not found to be associated
with the clinical course of the disease.*

Studies both #% vitro and in vive in animal model systems'”*>
have shown that NK cells can interact with CD8" T cells, and,
that this crosstalk may trigger, or enhance, a tumor antigen-spe-
cific T cell immune response and epitope spreading of the T-cell
immune response. These findings have provided the rationale for
our studies to determine whether infiltration of colorectal tumors

by both NK cells and CD8" T cells has a beneficial effect on the

clinical course of the disease.

Results

Expression of CD56 in CRC tumors

Since the majority of immunohistochemical studies investigat-
ing the presence of NK cells in the colorectal tumor microenvi-
ronment have utilized CD56° as an antigenic biomarker, we first
assessed for the presence of NK cell infiltration in CRC patient
tumors by staining the CRC tissue microarray with the anti-
CD56 antigen-specific mAb, 123C3. We found positive NK cell
infiltration (>4 positive cells per tumor) in only 132 (31%) of
the 423 CRC patient tumor specimens analyzed. Representatives

of a NK cell negative colorectal tumor punch with CD56" cell
infiltration <4 and a NK cell positive tumor punch with CD56™
cell infiltration >4 are shown in Figures 1A and 1B, respectively.
Interestingly, CD56 antigen was not restricted to inflammatory
cells but was also expressed by tumor cells in 2% of the CRC
lesions evaluated (Fig. 1C).

We next sought to investigate the potential functional sig-
nificance of NK cell infiltration in CRC patient tumors. To
this end, we tested CRC cells for the expression of the major
histocompatibility complex (MHC) Class I polypeptide-
related sequence A/B (MICA/B). The latter is the ligand of
the NK cell activating receptor, killer cell lectin-like receptor
subfamily K, member 1 (KLRKI1, also known as NKG2D). As
already shown in other solid malignancies, most of the CRC
cells (>90%) over-expressed MICA/B (data not shown) sug-
gesting that CRC cells are good targets for locally infiltrating
NK cells.®17:18

Cooperation between NK cells and CD8™" T cells
in the tumor microenvironment

To test the hypothesis that NK cells may improve the antican-
cer immune response of T lymphocytes and thus improving the
clinical course of CRC patients, we assessed whether there was a
correlation between NK cell infiltration (CD56) and infiltrating
CD8", CD3%, and CD4T T lymphocytes,with CRC patient
survival.

After more than 11 years of follow-up, patients with lesions
marked by CD56"CD8” and CD56 CD8™ cell infiltration
profiles had significantly lower overall survival than CRC patients
with CD56-CD8™" infiltrated lesions while the latter had an
overall survival significantly lower than that of patients with
CD567CD8™ cell infiltration profiles. Interestingly, in the uni-
variate analysis, within the first 5 years of follow-up, CRC
patients with CD56"CD8" CRC lesions survived significantly
longer (p = 0.007) than CRC patients with CD56-CD8" cell
infiltration. Indeed, ~80% of CRC patients with CD56" and
CD8™ cell infiltration remained alive while only ~55% of CRC
patients with only T cell infiltration (i.e., CD56~CD8™ cell infil-

tration profile) survived
during the first 5 years of

follow-up. However, fol-
lowing a 5-year follow
up, the survival benefit
of CRC patients with
both CD56% and CD8"
immune cell infiltration
declined (p = 0.039;
Fig. 2A).

In regards to other T

cell subsets, the overall

survival of CRC patients

Figure 1. CD56 expression in the colorectal carcinoma microenvironment. Formalin-fixed paraffin-embedded tissue
blocks of colorectal cancer (CRC) patient tumor specimens (n = 1410) were sectioned and stained with an
anti-CD56 mAb. Following detection with a chromogenic substrate, the brown color shows CD56™ cells. (A) Represen-
tative example of CD56~ CRC tumor punch with <4 CD56™" cells. (B) Representative example of CD56" CRC patient
tumor punch with chains of CD56™ cells >4. (C) IHC analysis detects CD56 colorectal carcinoma cells.

with lesions exhibiting
CD4TCD56™ cell infil-
tration profiles did not
differ from that of CRC
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CD4" and CD56" immune cell infiltra-

tion. In both cases, the survival of patients A
with either profile (CD4"CD56~ or 1.0
CD4"CD56") was not significantly differ- 08
ent from that of CRC patients with 51? ’
CD56 CD4~ and CDS56'CD4~ cell |§ 45
infiltrations (p = 0.49; Fig. 2B). In addi- 2
tion, the overall survival of CRC patients 'g 04
with CD567CD3% cell infiltration was |Q
not significantly different from that of |¥ 02
patients with CD56-CD3+ CRC tumors

(p = 0.42; Fig. 2C). 00

CD56 (NCAM1), albeit a broad

marker of NK cells,” has a low expression
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on ~90% of NK cells, referred to as NK
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represents the regulatory NK cell subset,

cells latter

while the former represents the cytotoxic
NK cell subset. However, CD56 is also
abundantly expressed on a small subset of
T cells termed natural killer T (NK-T)
cells. To test whether NK cells or NK-T
with CD8+ T

lymphocytes in improving the clinical

cells  collaborate

course of CRC, we next investigated

Figure 2. Association of CD8" T cell and CD56™ natural killer cell infiltration in colorectal tumors
with survival. (A—C) Colorectal cancer (CRC) patient samples were analyzed by immunohistochemi-
cal analysis to determine the presence of the indicated immune cell phenotypes. Overall survival
(OS) is plotted among patients with the indicated immune cell marker profile over time. Statistical
analysis was performed by log-rank test. (A) Analysis of CD8 and CD56. “Dotted/dashed” reads
“Blue” line: CD56+CD8+ lesions (N = 26), “dashed” reads “red” line: CD56—CD8+ (N = 53), “unbro-
ken” reads “black” line: CD56—CD8— (N = 231), “dotted” reads “green” line: CD56+CD8—
(N = 101). (B) Analysis of CD4 and CD56. “Dotted/dashed” reads “Blue” line: CD56+CD4+ (N = 9),
“dashed” reads “red” line: CD56—CD4+ (N = 13), “unbroken” reads “black” line: CD56—CD4—
(N = 259), “dotted” reads “green” line: CD56+CD4— (N = 117). (C) Analysis of CD3 and CD56. “Dot-
ted/dashed” reads “Blue” line: CD56+CD3+ (N = 89), “dashed” reads “red” line: CD56—CD3+
(N = 170), “unbroken” reads “black” line: CD56—CD3— (N = 96), “dotted” reads “green” line:
CD56+CD3— (N = 24).

whether CD56™#"  cell infiltration corre-

lated with CD8+ T cell infiltration in CRC tumors. No CD8+
T lymphocytes expressing high levels of CD56 antigen were
detected in a collective of 423 CRC patient tumors (r = 0.02; p
= 0.58). Finally, in an additional study, we analyzed 15 enzymat-
ically dissociated CRC specimens by immunofluorescence stain-
ing and flow cytometry for the expression of CD56 and an
independent NK cell marker, NKp46. Positive cells were found
to be present among the cell populations from 5 CRC tumors.
Spearman Rank analysis showed a strong association of CD56™"
cell infiltration with NKp46™ cell infiltration (R = 0.97; p =
0.005; Fig. 3), further evincing the NK cell identity of the infil-
trating CD56™ cells.

Discussion

The results we have shown indicate that the infiltration of CRC
patient tumors with both NK cells and CD8" T cells is associated
with a favorable course of the disease. This association is likely to
reflect the NK cell-T cell crosstalk which has been shown to trigger,
or enhance, a tumor antigen-specific T cell-based immune response
as a result of increased antigen presentation, epitope spreading and
HLA Class I antigen processing machinery up regulation in target
cells."”*" Tt is of interest that CRC is not the only solid tumor in
which NK cell-T cell cooperation appears to have a beneficial effect
on the clinical course of the disease. T cells have been recently
shown to support the antitumor activity of NK cells against mouse
mastocytoma.'” In addition, NK cells activated by cetuximab have
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been shown to cooperate with dendritic cells to trigger tumor

antigen-specific T cell immunity in head and neck cancer

. 2
patients.””
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Figure 3. Relationship between CD56 and NKp46 positive cell
infiltration in the CRC tumor microenvironment. Fifteen freshly, resected
colorectal cancer (CRC) patient tumors were enzymatically digested to a
single cell suspension and directly labeled using fluorescence-conju-
gated antibodies against CD56 and NKp46. CD56" and NKp46™ cells
were detected by cytofluorimetric analysis cytometry in 5 CRC patient
specimens. Spearman Rank correlation analysis revealed that the per-
centage of CD56™ cells significantly correlated with the percentage of
NKp46™ cells in the colorectal tumor microenvironment
(correlation coefficient, R = 0.97, p = 0.005).
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The beneficial effect of NK cell-T cell cooperation on the clinical
course of CRC is attenuated following a 5-year follow up. A mech-
anism underlying this phenomenon is not readily apparent. One
might speculate that over time, tumor-infiltrating NK cells lose
their helper function because of altered activities induced by can-
cer cells via various routes. These include malignant cell produc-
tion of indoleamine 2,3-dioxygenase (IDO) and prostaglandin
E2 (PGE2), metalloproteinases (MMPs) transforming growth
factor B1, (TGFB1) and integrin B2 (ITGB2, also known as
LFA1) >'72128 4]l of which may affect NK cell function.”® An
additional potential mechanism is suggested by the cancer cell-
induced apoptosis of NK cells, since both the myeloid leukemia
cell line, K562, and the RCC cell line, Caki-1, have been shown
to stimulate cytotoxic NK cell depletion. The potential mecha-
nisms by which cancer cells induce NK cell apoptosis are obscure.
Cancer cell induced NK cell apoptosis may be mediated by the
interaction of NK cell surface localized CD16 with its yet to be
identified ligand presumably expressed on malignant cells. An
alternative possibility is the induction of apoptosis in NK cells
following interaction with MICA/B expressed on CRC cells and/
or with CRC cells lacking cell surface HLA-Class I antigen
expression. At any rate, the mechanisms we have listed may also
account for the typical paucity of NK cell tumor infiltration
(Fig. 4).

To the best of our knowledge, this is the first demonstration of
CD56 antigen expression by colorectal carcinoma cells in a subset
of patients. However, this is not unique of CRC cells, since CD56
antigen has been found to be heterogeneously expressed by RCC,
melanoma, myeloid leukemia cells and bone marrow progenitor
cells.'”'®2% Eyrthermore, in acute myelod leukemia, CD56
expression has been associated with unfavourable cytogenetic
abnormalities, reduced probability to achieve complete remission,
and poor survival.”® We could not test this possibility in CRC
since the number of CD56" CRC patient tumors we identified
was too low and, therefore, not suitable for statistical analysis.

The functional role of CD56 in tumors is not fully understood,
however, there is evidence that it is involved in the pathogenesis of
epithelial tumors. CD56 interaction with fibroblast growth factor
receptor (FGFR) promotes ovarian cancer development, pancre-
atic tumor cell adhesion to the extracellular matrix, and invasive-
ness of epithelial tumors.’' % In addition, CD56 is involved in a
variety of cell functions including cell proliferation, migration
and, epithelial-mesenchymal transition. Whether CD56 expres-
sion on CRC cells has a role in the pathogenesis of CRC tumor
development and is a potential marker of poor prognosis in a rare
subset of CRC patient tumors remains to be determined.

Materials and Methods

Antibodies

Anti-CD3, anti-CD4, anti-CD8, anti-CD16, anti-CD57,
and anti-CD56 isotype matched mouse mAbs were purchased
from DAKO while anti-CD68 mouse mAb was purchased from
Novocastra.
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Figure 4. Schematic representation of the alleged relationship between
the immune system and solid tumors. Cancer cells cooperating with
anti-inflammatory macrophages (M2) contribute to creating an immuno-
suppressive tumor microenvironment including indoleamine-2,3-dioxy-
genase (IDO) production, which induces tryptophan depletion and L-
kynurenine accumulation (not shown), as well as prostaglandin E2
(PGE2) and transforming growth factor B1 (TGF-B1) accumulation. Tumor
cells are also capable of activating tissue matrix metalloproteinases
(MMPs), which cleave CD16 from the natural killer (NK) cell surface,
reducing their ability to mediate antibody-dependent cellular cytotoxic-
ity (ADCC). T lymphocytes and M1-macrophages are expected to work
more efficiently than NK cells in mediating direct cellular cytotoxicity
and ADCC, respectively. Both T lymphocytes and M1-macrophages exert
indirect antitumor effects through the production of pro-inflammatory
cytokines. In this context, NK cells could increase the antitumor activity
of cytotoxic CD8" T lymphocytes (CTLs). Symbols: — = cell activation, T-
= cell inhibition.

Tissue microarray (TMAs)

The tissue microarrays (TMAs) of CRC patient tumors were
composed of 1410 tissue biopsies.” Briefly, TMAs were con-
structed using formalin-fixed, paraffin-embedded tissue blocks
from CRC resections. All biopsies were collected and stored in
the Biobank of the Institute of Pathology at the University Hos-
pital Basel. The study was approved by the hospital Internal
Review Board (IRB) and in accordance with the Helsinki Decla-
ration of 1975.

Immunohistochemistry

TMAs were evaluated by a 2-step immunostaining approach
using anti-CD56, anti-CD3, anti-CD4, ant-CDS8, anti-CD16,
anti-CD57, anti-CD68 and anti-MICA/B mAbs as primary anti-
bodies and a peroxidase-labeled rabbit-anti-mouse IgG antibody
as the secondary antibody. Following dewaxing and rehydration
of the slides in distilled water, endogenous peroxidase activity
was blocked with 0.5% H,O, and colorectal tissue sections
were incubated with the aforementioned mAbs for 1 hour at
room temperature. Subsequently, tissues were incubated with
peroxidase-labeled secondary antibody for 30 min at room
temperature. For antigen visualization, colorectal tissues were
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soaked in 3-amino-9-ethylcarbazole (DAKO) supplemented with
substrate-chromogen for 30 min and counterstained with Gill’s
hematoxylin (DAKO).

Cytofluorimetric analysis of cell suspension from CRC
surgical specimens

Surgically removed CRC tumors were minced, centrifuged
and resuspended in RPMI 1640 medium supplemented with
5%, fetal bovine serum. Minced CRC tumors were incubated
overnight, at room temperature, in the presence of 2 mg/mL col-
lagenase 1V, 0.1 mg/mL hyaluronidase V and 0.2 mg/mL
DNAse I (Sigma Aldrich). Single cell suspensions were isolated
by Ficoll-Hypaque gradient separation, stained with fluoro-
chrome-conjugated mAbs with specificity for CD56 and NKP46
antigens and analyzed utilizing a 2-laser BD FACSCalibur
(Becton Dickinson) flow cytometer. Propidium iodide (PI) posi-
tive cells were excluded from the study. Results were analyzed by
Cell Quest (Becton Dickinson) and Flow Jo (Tree Star) com-
puter software programs.

Statistical analyses

Available clinicopathological data included pT, pN stage,
tumor grade, vascular invasion, tumor budding, tumor location
and patient survival. Four hundred and 20 3 CRC lesions were
evaluable for CD56 staining. Cut-off scores for protein marker
positivity were determined on the Test Group using receiver
operating characteristic (ROC) curve analysis with the endpoint
of survival/death and the 0,1-criterion to select the most discrimi-
nating cut-off score from the ROC curve. Results were validated
by 3 independent investigators achieving an optimal concordance
rate of 80-90%.

We considered CRC lesions positive for NK cell infiltration
when there was an absolute number of CD56™ cells >4, per
punch, in the presence or absence of CD16" cells. Then,
CD56" cell infiltration was compared to the punch content of
CD3" and CD8" T lymphocytes, CD4" and CD57% cells and
CD16" TAMs. CRC patient tumors were considered positive
for CD3, CD8, and CD4 cell infiltration when CRC tumor
punches contained more than 20, 10, and 20 positive cells,
respectively. CRC was considered infiltrated by CD16™ TAM:s
when colorectal tumor punches were negative for CD56 and
showed an infiltration of CD16" cells >30. We considered
CD577 cell infiltration when, regardless the number of CD56"
cells, we detected >4 positive cells in the CRC patient tumor
punches.

Survival time differences were determined using the Kaplan-
Meier method and the Log-rank test. Strength of correlations
between different cell types was assessed using the Spearman
Rank correlation coefficient.
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