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Direct interaction between CD155 and CD96 promotes
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Despite the advance in targeted therapy, lung adenocarcinoma
(LUAD) remains one of the leading causes of death in patients
with cancer. CD155, a member of poliovirus receptor–related (PRR)
family, has been identified as the ligand of the Ig-like receptors
tactile (CD96) and DNAM-1 (CD226) on T cells. The interaction of
CD155 with CD96 transmits an inhibitory signal and suppresses
immune response. The interaction of CD155 with CD226 enhances
the immune response.1–3 CD155 expression has been shown to be
elevated in many types of cancers4,5 and is involved with immune
suppression in melanoma.6 However, how CD155/CD96 is
involved in immune response in the tumor microenvironment of
LUAD remains unknown.
To investigate the expression of CD155 in LUAD tumor, we first

collected tumor tissues from LUAD patients and para-tumor tissue
were used as control. Western blot result showed that CD155 was
increased significantly in LUAD. To further detail CD155 expression
in LUAD cells (LUADCs), LUADCs were isolated from tumor tissues
of LUAD patients using NanoVelcro as described previously.7

Immunofluorescence staining demonstrated that CD155 was
highly expressed by LUADCs (Fig. 1b). The increased expression
of CD155 by LUADCs suggested CD155 might be involved with
immune response in tumor microenvironment.
CD96, as a co-inhibitory molecule, competes with the co-

stimulatory molecule of CD226 for binding to CD155. The lost
balance between these two molecules might lead to a hypo- or
hyper-immune response. We found that CD8 T cells in PBMC from
LUAD patients expressed higher levels of CD96 compared with HC.
CD96 expression was even higher in TILs than in T cells from the
circulation of LUAD patients (Fig. 1c, d). CD226 expression was
substantially lower in CD8 T cells from PBMC of LUAD patients
than that in HC. CD226 expression in TILs was further decreased
compared with that from the circulation of LUAD patients (Fig. 1e,
f). These data indicated that the imbalance of CD155/CD96 and
CD155/CD226 signals in LUAD patients could lead to hypo-
immune response.
The tumor microenvironment is characterized by increased

inhibitory signals and T cells from tumor microenvironment are
exhausted. To investigated how LUAD cells affect T cell function in
the microenvironment, we performed a T cell-tumor cell culture
experiment. We found that IFNγ production in CD8 T cells was

decreased dramatically when cocultured with LUAD cells. Blocking
CD96 in the T cell-tumor cell co-culture system increased IFNγ
production in CD8 T cells (Fig. 1g, h). In addition, IFNγ production
in CD8 T cells was further decreased when cocultured with LUAD
cells overexpressed CD155. CD96 blockade could neutralize the
inhibition mediated by CD155 expression (Fig. 1i, j). Thus, LUAD
cells suppress the T cell response through CD155/CD96 signaling
in the tumor microenvironment.
To better duplicate the tumor microenvironment similar to

LUAD patients, we used a PDX mouse model as described to study
the immune response in tumor microenvironment. Previous study
shows that CD155/96 is important for NK cells in antitumor
immune response. To investigate whether CD155/CD96 affects
immune reaction and tumor growth, PDX mice were treated with
rCD155 or vehicle (Fig. 1k). The infiltration of CD8 T cells in the
tumor microenvironment was decreased to some extent by
rCD155 treatment as measured by IHC (Fig. 1l). Importantly,
rCD155 treatment promoted tumor growth in the PDX mice
(Fig. 1m). The tumor microenvironment has played a critical role in
shaping the immune response.8 We showed that blocking CD96
restored CD8 T cell function as inhibited by LUAD cells. LUAD cells
impaired CD8 T cell function, which was further inhibited by
overexpressing CD155 in cancer cells of LUAD. These data
demonstrated a mechanism in which LUAD cells suppress
immune response in the tumor microenvironment through
CD155/CD96.
Taken together, we demonstrated that LUAD patients with high

CD155 expression suffer from immune suppression and experi-
ence a poor prognosis, which coincides with up-regulated CD96
expression. Moreover, the inhibition effect can be reversed by
CD96 blocking antibody. Blocking CD96 restored IFNγ production
in CD8 T cells and neutralized the inhibition of IFNγ production in
CD8 T cells mediated by CD155. Animal experiments showed that
CD155-mediated LUAD growth might depend on its suppression
on antitumor immune response in the tumor microenvironment in
PDX mice. Our results suggest that direct interaction between
CD155 and CD96 promotes immunosuppression in lung adeno-
carcinoma (LUAD). Targeting CD155/CD96 to unleash CD8 T cells
in the tumor microenvironment could be a novel therapeutic
alternative for LUAD patients.
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Fig. 1 CD96/CD155 mediated immune suppression and promoted tumor growth in lung adenocarcinoma patients. a CD155 expression in
tumor or para-tumor lung tissues from patients with LUAD was measured by western blot. Representative bands were shown. b Primary lung
adenocarcinoma (LUAD) cancer cells were isolated and expanded from circulating tumor cells. CD155 expression on primary lung LUAD cells
was detected by confocal immunofluorescence. Representative images were shown. c–f CD96 or CD226 expression on CD8 T cells from PBMC
of patients with lung adenocarcinoma (LAC) or healthy controls (HC) or tumor infiltrating lymphocytes (TILs) was analyzed by flow cytometry.
Representative histograms were shown. Percentages of CD8+CD96+ or CD8+CD226+ cells in PBMC (n= 24) or TILs (n= 18) were summarized
and shown as bar graphs. g, h CD8 T cells isolated from HC were stimulated with anti-CD3/CD28 beads and cocultured with or without LUAD
cells for 3 days. Anti-CD96 antibody (5 μg/ml) was added in some experiments. IFNγ production in CD8 T cells were measured by flow
cytometry. Representatives were shown. Percentage of IFNγ+ CD8 T cells was summarized from 6 independent samples. i, j CD155 or empty
vector was transfected into LUADC. CD8 T cells isolated from HC were stimulated with anti-CD3/CD28 beads and cocultured with LUADC-
CD155 or LUADC-vector for 3 days. Anti-CD96 antibody (5μg/ml) was added in some experiments. IFNγ production in CD8 T cells were
measured by flow cytometry. Representatives were shown. Percentage of IFNγ+ CD8 T cells was summarized from 6 independent samples.
k Scheme of the patient-derived xenograft (PDX) experiment. Fresh patient tumor samples were collected and engrafted into NOG mice
subcutaneously. One week later, PDX mice were treated with recombinant CD155 (rCD155, 200 μg) or vehicle. l The number of CD8 T cells in
tumor microenvironment was measured by immunohistochemistry. Representative images were shown (200×). m Mice were treated with
recombinant CD155 or vehicle and tumor growth were monitored. Data were shown as mean ± SEM, **p < 0.01 and ***p < 0.001
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