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Abstract

In CD70-expressing tumors, the interaction of CD70 on tumor cells with its lympho-
cyte receptor, CD27, is thought to play a role in immunosuppression in the tumor
microenvironment and elevated serum levels of soluble CD27 (sCD27). Previous stud-
ies showed that CD70 is expressed in nasopharyngeal carcinoma (NPC), an Epstein-
Barr virus (EBV)-related malignancy. However, the association between intratumoral
CD70/CD27 expression and serum levels of sCD27 in NPC remains unclear. In the
present study, we show that CD70 is primarily expressed by tumor cells in NPC and
that CD27-positive lymphocytes infiltrate around tumor cells. NPC patients with
CD27-positive lymphocytes had significantly better prognosis than patients lacking
these cells. In addition, high CD70 expression by tumor cells tended to be correlated
with shorter survival in NPC patients with CD27-positive lymphocytes. Serum sCD27
levels were significantly increased in patients with NPC and provided good diagnostic
accuracy for discriminating patients from healthy individuals. The concentration of
serum sCD27 in patients with CD70-positive NPC with CD27-positive lymphocytes
was significantly higher than in patients with tumors negative for CD70 and/or CD27,
indicating that the intratumoral CD70/CD27 interaction boosts the release of sCD27.
Furthermore, positive expression of CD70 by NPC cells was significantly correlated
with EBV infection. Our results suggest that CD70/CD27-targeted immunotherapies
may be promising treatment options and that sCD27 may become an essential tool for
evaluating the applicability of these therapies by predicting the intratumoral CD70/
CD27 interaction in NPC.

Abbreviations: Ab, antibody; AUC, area under the curve; EBER, Epstein-Barr virus-encoded small RNA; EBV, Epstein-Barr virus; FBS, fetal bovine serum; FFPE, formalin-fixed
paraffin-embedded; LMP1, latent membrane protein 1; NK, natural killer; NPC, nasopharyngeal carcinoma; PBMC, peripheral blood mononuclear cell; PE, phycoerythrin; RCC, renal cell
carcinoma; ROC, receiver-operating characteristic; sCD27, soluble CD27; SCID, severe combined immunodeficiency; SHO, severe combined immunodeficiency hairless outbred; TIL,
tumor-infiltrating lymphocyte; TNF, tumor necrosis factor; Treg, regulatory T cell; WHO, World Health Organization.
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1 | INTRODUCTION

Nasopharyngeal carcinoma (NPC) is an epithelial malignancy arising
from the nasopharyngeal mucosa, and the disease is more common
in East and Southeast Asia than in the Western world.! NPC is an
Epstein-Barr virus (EBV)-related malignancy, given that clonotypic
EBV genomes and EBV oncogenic proteins are detected in most NPC
patients in endemic areas such as southern China.! Furthermore,
many reports to date have shown an important association between
persistent EBV infection and EBV gene products and tumor ini-
tiation, promotion, and progression in NPC.1% With regard to the
histological characteristics of NPC, many immunocompetent cells
infiltrate the tumor stroma, including lymphocytes, granulocytes,
and macrophages,” suggesting that interactions between tumor cells
and infiltrating immune cells via cell surface molecules may be an
important contributor to malignancy.

CD70 is a member of the tumor necrosis factor (TNF) superfam-
ily and the only known ligand for the CD27 receptor. Normal cells
exhibit limited expression of this ligand, but it is transiently upreg-
ulated on activated T and B cells and mature dendritic cells.>® By
contrast, CD27, which is a TNF receptor superfamily member and
a costimulatory molecule, is expressed on several lymphocyte sub-
sets, including naive and activated T cells, memory B cells, and nat-
ural killer (NK) cells.>® Interaction between CD70 and CD27, at the
correct time and intensity, induces the activation and proliferation
of T and B cells, although the signaling pathway is tightly regulated
under normal physiological conditions through strictly controlled
expression of CD70.78 In contrast to physiological conditions, CD70
is abundantly and persistently expressed by tumor cells in some
malignancies, such as renal cell carcinoma (RCC), glioblastoma, lung
carcinoma, and various leukemias and lymphomas.>® Constitutive
expression of CD70 on tumor cells may elicit the induction of apop-
tosis and/or exhaustion of CD27-expressing tumor-infiltrating lym-
phocytes (TILs) by suppressing the proper immune response via
continuous CD70/CD27 ligation,>*%1° thereby enabling tumor cells
to evade the antitumor immune response. Thus, blockade of the
CD70/CD27 axis, as well as the use of direct killing agents capable
of targeting CD70 on tumor cells, may be attractive therapeutic op-
tions for treating CD70-positive malignancies.

Another important aspect of the CD70/CD27 interaction is
that soluble CD27 (sCD27) is cleaved from the extracellular domain
of CD27 upon ligation of CD27 to CD70.>¢ Indeed, high levels of
sCD27 have been found in the serum of patients with some CD70-

expressing tumors,” 3

suggesting that measurement of serum
sCD27 levels may be useful for predicting the interaction between
CD70-positive tumor cells and CD27-positive TILs in order to de-
termine the indication of CD70/CD27-targeted immunotherapies.

Considering the importance of the CD70/CD27 interaction, detailed

analyses of the expression of these molecules in malignant diseases
would be of great interest to elucidate the tumor immune escape
mechanism and develop immunological therapeutic strategies. To
date, only a few studies of NPC have addressed the expression of
CD70 and CD27.%* However, the association between the ex-
pression of these molecules in NPC and patient clinicopathological
characteristics and prognosis remains unclear. Furthermore, little is
known about the expression of sCD27 in the serum of patients with
NPC.

In the present study, we examined the expression of CD70
and CD27 in NPC patients using immunohistochemistry. We also
assessed the correlation between CD70/CD27 expression and
the major clinical features and prognosis of patients with NPC.
Additionally, we investigated whether sCD27 can be detected in the
serum of patients with NPC, and if so, whether serum sCD27 levels
are associated with intratumoral CD70 and CD27 expression. Finally,
we assessed the relationship between EBV infection and EBV on-
coprotein latent membrane protein 1 (LMP1) and the induction of
CD70 expression in NPC cells.

2 | MATERIALS AND METHODS

2.1 | Patients

Forty-one patients with NPC were analyzed in this study, all of whom
were newly diagnosed at Asahikawa Medical University between
1999 and 2016. Patient clinicopathological characteristics are sum-
marized in Table 1. TNM classification was determined according
to the 2009 Union Internationale Contre Le Cancer classification.®
The patients were classified into 3 histologic subtypes defined by
the World Health Organization (WHO): keratinizing squamous cell
carcinoma (type l), non-keratinizing carcinoma (type Il), and undiffer-
entiated carcinoma (type Ill). As the primary treatment, 27 patients
received alternating chemoradiotherapy, as described elsewhere.”’
Seven patients received platinum-based concurrent chemoradio-
therapy. Seven patients received radiotherapy due to increased age
(>70years) and/or renal dysfunction. We also analyzed 23 healthy
volunteers as controls. Informed consent was obtained using the
opt-out method on the Asahikawa Medical University website. This
study was conducted with the approval of the Institutional Review
Board at Asahikawa Medical University (#19222).

2.2 | Celllines

C666-1 EBV-positive NPC cells were kindly provided by Drs.
Tomokazu Yoshizaki and Satoru Kondo (Kanazawa University).
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TABLE 1 Clinicopathological characteristics of patients with
nasopharyngeal carcinoma.

Cases

Characteristics (n=41)
Age (year)

Median (range) 63 (22-88)
Gender

Female 9

Male 32
WHO histologic type

I 4

1l 21

1 16
EBER expression

Negative 12

Positive 29
Tumor classification

T1 12

T2 9

T3 5

T4 15
Node classification

NO 8

N1 12

N2 17

N3 4
Metastasis classification

MO 39

M1 2
Stage

| 1

1l 11

1l 10

\Y 19
Treatment

ACRT 27

CCRT 7

RT 7

Abbreviations: ACRT, alternating chemoradiotherapy; CCRT, concurrent
chemoradiotherapy; EBER, Epstein-Barr virus-encoded small RNA; RT,
radiotherapy; WHO, World Health Organization.

TWO3 EBV-negative NPC cells were kindly provided by Dr. Eva
Klein (Karolinska Institute). C666-1 and TWO0S3 cells were cultured
in RPMI 1640 medium supplemented with 10% fetal bovine serum
(FBS), 100U/mL penicillin, and 100 pg/mL streptomycin. SNK-6 ex-
tranodal NK/T-cell lymphoma, nasal-type cells were kindly provided
by Dr. Norio Shimizu (Tokyo Medical and Dental University) and cul-
tured in RPMI 1640 medium supplemented with 10% FBS, 100U/

mL penicillin, 100 pg/mL streptomycin, and 700U/mL recombinant
human interleukin-2.

2.3 | Immunohistochemistry and in situ
hybridization

Formalin-fixed, paraffin-embedded (FFPE) samples were prepared
from pretreatment biopsy tissues of patients with NPC or from sub-
cutaneous tumors of mice transplanted with C666-1 cells and then
cut into 4-pm-thick sections. The primary antibodies (Abs) included
anti-CD70 (301731, 1:50; R&D Systems), anti-CD27 (137B4, ready-
to-use; abcam plc), and anti-LMP1 (CS1-4, 1:400; Dako) monoclo-
nal Abs. The Envision HRP System (Dako) was used for visualization
of signals. For antigen retrieval, slides were treated with Target
Retrieval Solution (pH 9; Dako) using a Decloaking Chamber (Biocare
Medical) for 10min at 110°C. Serial sections were used for CD70
and CD27 or CD70 and LMP1 staining. A case was considered CD70
positive if >10% of the tumor cells were positive for CD70, as de-
scribed previously by other researchers and us.***® In addition, the
degree of CD70 staining intensity was classified as follows: no, weak,
moderate, and strong. In the analysis to evaluate the relevance of
CD70 expression to survival, moderate and strong staining was de-
fined as high CD70 expression, and no or low staining was defined as
low CD70 expression. When >5% of tumor-infiltrating mononuclear
immune cells were positive for CD27, the specimen was defined as
CD27 positive.'® The presence of EBV-encoded small RNA (EBER)
in FFPE tissue sections was detected using in situ hybridization, as

described previously.?%?!

2.4 | Coculture of peripheral blood mononuclear
cells (PBMCs) with NPC cell lines

NPC cells were seeded into a 24-well plate at a density of 5x10*
cells/well in 1mL of RPMI 1640 medium supplemented with 10%
FBS 24 h prior to adding PBMCs. PBMCs from a healthy individual
were isolated by density gradient centrifugation using Lymphoprep
(Serumwerk Bernburg AG). A total of 1x 10° PBMCs were added in
1mL of RPMI 1640 medium supplemented with 10% FBS. PBMCs
and NPC cells were maintained in monoculture in parallel. After 48h,
the supernatants were collected for sCD27 measurement.

2.5 | Measurement of sCD27 using ELISA

sCD27 levels in serum and cell culture supernatant were quanti-
fied using the PeliKine Compact™ human soluble CD27 ELISA
kit (Sanquin) and Human CD27/TNFRSF7 DuoSet ELISA (R&D
Systems), respectively. Blood was collected from patients at diag-
nosis and processed to serum; the resulting samples were frozen
at —-80°C until analysis. For ELISA, the capture Ab was coated onto
the bottom of 96-well ELISA plates by overnight incubation at room
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temperature. A serum sample (50puL) or sample of cell culture su-
pernatant (100pL) was added to each well. A standard curve was
generated by serial dilution of recombinant sCD27. The plates were
washed after 1h of incubation at room temperature, and bioti-
nylated detection Ab was added to each well. After 1h, the plates
were washed again, streptavidin-labeled horseradish peroxidase
was added, and the plates were incubated for 30 min. Following an-
other round of washing, substrate solution was added to the plates,
which then were incubated for 30min in the dark, after which the
reaction was quenched by the addition of 2N H,SO,. The absorb-
ance of the contents of each well was determined at 450nm using
a microplate reader. The sCD27 concentration in each sample was

calculated using the standard curve.

2.6 | Flow cytometric analysis

Flow cytometric analysis was performed using anti-CD70 monoclo-
nal Ab conjugated to phycoerythrin (PE; 113-16; BioLegend) as de-
scribed previously.?? PE-conjugated mouse IgG1 kappa (BioLegend)
was used as an isotype control. The fluorescence of samples was
measured using a BD Accuri C6 flow cytometer, and the data were
analyzed using the supplied software (BD Biosciences).

2.7 | Western blot analysis

Western blot analysis was performed using anti-LMP1 (CS1-4,
1:3000; Dako) and control anti-p-actin (AC-15, 1:10000; Sigma-
Aldrich) monoclonal Abs as described previously.?

2.8 | Transplantation of C666-1 cells into severe
combined immunodeficiency (SCID) hairless outbred
(SHO) mice

Six- to eight-week-old female SHO mice, which are hairless SCID
mice (Crl:SHO-Prkdc*“Hr™), were obtained from Jackson Laboratory
Japan, Inc. and maintained under specific pathogen-free conditions
in the Animal Laboratory of the Center for Advanced Research and
Education, Asahikawa Medical University. SHO mice were injected
subcutaneously in the flank with 5x10° C666-1 cells. The mice
were euthanatized, and subcutaneous tumors were collected when

the average tumor area reached approximately 300 mm?2. All animal

experiments were approved by the Institutional Animal Care and

Use Committee of Asahikawa Medical University.

2.9 | Statistical analysis

Correlations between immunohistochemical CD70 or CD27 expres-
sion and various clinicopathological characteristics were examined
using Fisher's exact test or the chi-square test. The Kaplan-Meier
method was used to estimate survival curves; the statistical sig-
nificance of differences in survival curves was examined using
the log-rank test. Two-group comparisons were conducted using
the Mann-Whitney U test or unpaired Student's t-test. Receiver-
operating characteristic (ROC) curve and area under the curve (AUC)
were used to evaluate the diagnostic utility of serum sCD27 in NPC.
Correlations between CD70 and LMP1 expression were examined
using Fisher's exact test. Differences were considered significant at
p<0.05. All analyses were run as two-tailed tests. All graphics and

analyses used Prism 9 software (GraphPad Software).

2.10 | Additional materials and methods
Other information regarding the materials and methods used in this
study is provided in the supporting information (Data S1).

3 | RESULTS

3.1 | Expression of CD70 and CD27 in NPC and
their correlation with clinicopathological features and
prognosis

We initially assessed the expression of CD70 in tissues from 41 NPC
patients using immunohistochemical staining. CD70 was primarily ex-
pressed in tumor cells, and expression was classified into four levels
(no, weak, moderate, or strong) based on staining intensity (Figure 1A-
D). Twelve patients (29.3%) exhibited no staining, four (9.7%) weak
staining, twelve (29.3%) moderate staining, and thirteen (31.7%) strong
staining (Figure 1F). Twenty-nine of forty-one samples (70.7%) were
positive for CD70 expression when positivity was defined as weak,
moderate, or strong staining. We also investigated the expression of
CD27 in NPC specimens using serial sections of slides stained with

CD70. As shown in Figures 1E and 3C, mononuclear immune cells (but

FIGURE 1 Expression of CD70 and CD27 in nasopharyngeal carcinoma (NPC) specimens and correlation with overall survival. (A-D)
Representative immunohistochemical features of CD70. Expression level as measured by immunohistochemical staining intensity

of tumor cells was classified as (A) no staining, (B) weak staining, (C) moderate staining, and (D) strong staining. (E) Representative
immunohistochemical features of CD27. Scale bars in (A-E) are 100 um. (F) Distribution of CD70 and CD27 expression based on
immunohistochemical staining. When >5% of tumor-infiltrating mononuclear immune cells were positive for CD27, the specimen was
defined as CD27 positive. (G) Kaplan-Meier overall survival curve relative to CD27 expression in NPC specimens. (H) Kaplan-Meier overall
survival curve relative to CD70 expression in CD27-positive NPC specimens. Patients with CD27-positive NPC were separated into two
groups: CD70 low (no and weak staining) and CD70 high (moderate and strong staining).
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not tumor cells) expressed CD27, and CD27-positive cells primarily in-
filtrated around tumor cells. Thirty-two of forty-one patients (78.0%)
were positive for CD27 (Figure 1F). These results indicate that NPC
tumor cells primarily express CD70, whereas tumor-infiltrating im-
mune cells express CD27.

To identify the cellular source of CD27-positive cells, double
immunofluorescence staining for CD27 and CD4, CD8, or CD20
was performed using tissues from immunohistochemical CD27-
positive NPC patients. As shown in Figure S1A-C, CD27-positive
CD4 T cells, CD8 T cells, and CD20 B cells were present in NPC
stroma. With regard to the proportions of these three subsets
among all CD27-positive cells, high percentages of CD4 and CD8
T cells were detected as compared with the percentage of CD20 B
cells (Figure S1D). These findings demonstrate that CD27-positive
cells in NPC tissues comprise a heterogeneous population that in-
cludes T and B lymphocytes.

We then examined the relationships between CD70 and CD27
expression and various clinicopathological features of NPC patients.
Positive CD70 expression was significantly correlated with EBER ex-
pression (p=0.0016) and WHO histologic type (p=0.0411, Table 2).
A significant correlation was also observed between positive ex-
pression of CD27 and EBER (p=0.0106, Table 3). Furthermore, a sig-
nificant relationship was observed between the expression of CD70
and CD27 (p=0.0106, Table 3). These results suggest that EBV pro-
motes both the expression of CD70 in tumor cells and the infiltration
of CD27-expressing immune cells into the tumor microenvironment.

We also estimated the survival rate of patients with NPC using
Kaplan-Meier analysis with log-rank comparison to evaluate the sur-
vival relevance of CD70 and CD27 expression. As shown in Figure 1G,
the CD27-positive NPC group (n=32) had significantly better prognosis
than the CD27-negative NPC group (n=9, p=0.0139), although CD70
expression alone had no effect on prognosis (data not shown). We also
investigated whether the prognosis of patients with CD27-positive
NPC is affected by CD70 expression in tumor cells. For this analysis,
patients with CD27-positive NPC were separated into two groups:
CD70 low (no and weak staining) and CD70 high (moderate and strong
staining). As shown in Figure 1H, patients in the CD27-positive group
with low CD70 expression (n=10) demonstrated a favorable clinical
course, with an overall survival rate of 100%. By contrast, patients in
the CD27-positive group with high CD70 expression (n=22) had an un-
favorable course, with an overall survival rate of 74%, although there
was no statistically significant difference between these two groups.
These results suggest that expression of CD70 on tumor cells inhibits
the antitumor immune response of CD27-expressing lymphocytes via
the interaction of CD70 with CD27.

3.2 | Serum of NPC patients contains elevated
levels of sCD27

Other studies have reported the detection of sCD27 in the serum

of patients with some CD70-positive tumors, reflecting the

TABLE 2 Relationship between the clinicopathological
characteristics of nasopharyngeal carcinoma patients and CD70
expression.

CD70

Characteristics Negative Positive p

Age (years) 0.4410
<50 4 6
=50 8 23

Gender >0.9999
Female 3 6
Male 9 23

WHO histologic type 0.0411
| 3 1
Il 7 14
1 2 14

EBER expression 0.0016
Negative 8 4
Positive 4 25

T classification 0.5055
T1, 2 (early) 5 16
T3, 4 (advanced) 7 13

N classification 0.2024
NO (negative) 4 4
N1, 2, 3 (positive) 8 25

M classification >0.9999
MO 12 27
M1 0 2

Stage 0.0726
I, 1 (early) 1 11
11, IV (advanced) 11 18

Abbreviation: EBER, Epstein-Barr virus-encoded small RNA; WHO,
World Health Organization.

interaction between CD70 and CD27 in the tumor microenviron-
ment.”*® Therefore, we measured the concentration of sCD27 in
the serum of 29 of 41 NPC patients and 23 healthy volunteers. As
shown in Figure 2A, serum sCD27 levels were significantly higher
in NPC patients (mean+SD=145.8+81.4U/mL; median=138.2U/
mL; range=15.3-333.9U/mL) than healthy individuals
(mean+SD=52.3+29.8U/mL; median=41.5U/mL; range=10.2-
126.7U/mL, p<0.0001). To characterize sCD27 as a possible bio-
marker of NPC, ROC curve analysis was performed. sCD27 exhibited
an AUC of 0.8606, with a sensitivity of 75.9% and specificity of
87.0% at a cutoff value of 84.9 U/mL for discriminating patients with
NPC from healthy controls (Figure 2B). We also examined the corre-
lation between serum sCD27 levels and the survival rate of patients
with NPC; however, no significant association was found (Figure S2).
These results suggest that increased levels of sCD27 in the serum

may have diagnostic value for NPC.
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TABLE 3 Relationship between the clinicopathological
characteristics of nasopharyngeal carcinoma patients and CD27
expression.

CD27

Characteristics Negative Positive p

Age (years) >0.9999
<50 2 8
250 7 24

Gender >0.9999
Female 2 7
Male 7 25

WHO histologic type 0.0965
| 2 2
1l 6 15
1 1 15

EBER expression 0.0106
Negative 6 6
Positive 3 26

T classification 0.7186
T1, 2 (early) 4 17
T3, 4 (advanced) 5 15

N classification 0.3415
NO (negative) 3 5
N1, 2, 3 (positive) 6 27

M classification >0.9999
MO 9 30
M1 0 2

Stage 0.7017
I, 11 (early) 2 10
11, IV (advanced) 7 22

CD70 expression 0.0106
Negative 6 6
Positive 3 26

Abbreviation: EBER, Epstein-Barr virus-encoded small RNA; WHO,
World Health Organization.

3.3 | Expression of CD70 and CD27 in NPC tissues
is correlated with elevated serum sCD27 levels

We further assessed the relationship between serum levels of
sCD27 and the expression of CD70 and CD27 in specimens in the
subset of patients (n=29) with NPC for whom both serum and tis-
sue samples were available. As shown in Figure 3A, serum levels
of sCD27 in patients with CD70-positive NPC were significantly
higher than those in patients with CD70-negative NPC (p =0.0025).
Similarly, serum levels of sCD27 in patients with CD27-positive
NPC were significantly higher than in patients with CD27-negative
NPC (p=0.0241, Figure 3B). Moreover, serum sCD27 levels were
compared with the combination of CD70 and CD27 expression
status in serial sections of the corresponding patients (Figure 3C).

= 1079
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Serum sCD27 levels were significantly higher in patients with
CD70-expressing tumor cells and CD27-positive infiltrating lym-
phocytes than in patients with either CD70-positive tumor cells
but no CD27-positive infiltrating lymphocytes or CD70-negative
tumor cells and CD27-positive infiltrating lymphocytes or negativ-
ity for both (p<0.0001, Figure 3D), suggesting that the intratu-
moral CD70/CD27 interaction upregulates the release of sCD27

into the serum of patients with NPC.

3.4 | Expression of CD70 in NPC cell lines and
association between CD70 and LMP1 expression in
EBV-positive NPC

Similar to our abovementioned finding of an association between
EBER and CD70 expression in NPC (Table 2), it has been shown that
EBV infection might promote the induction of CD70 expression on
tumor cells in some malignancies.24 In addition, previous studies have
reported that the EBV oncoprotein LMP1 can upregulate CD70 ex-
pression in epithelial and hematological cells.***>?> To determine
whether the expression of CD70 in tumor cells of NPC is associated
with EBV infection and LMP1 expression, we examined the expression
of CD70 using two NPC cell lines, C666-1 and TWO03. CD70 was highly
expressed on EBV-positive C666-1 cells, whereas a low level of CD70
expression was observed on EBV-negative TWO3 cells (Figure 4A).
To determine whether differences in CD70 expression between NPC
cell lines affect the release of sCD27 from lymphocytes, we cocul-
tured NPC cells with freshly isolated PBMCs and measured sCD27
in the supernatant by ELISA (Figure 4B). Coculture of PBMCs with
CD70 high-expressing C666-1 cells significantly increased the sCD27
concentration compared with monoculture of PBMCs (p=0.0174). In
contrast, there was no significant difference in sCD27 concentration
between PBMCs cocultured with CD70 low-expressing TWO0S3 cells
and monoculture of PBMCs. sCD27 was not detectable in the super-
natant of C666-1 cells or TWOS3 cells in monoculture.

Western blot analysis was performed to investigate whether
EBV-positive C666-1 cells express LMP1 protein. As shown in
Figure 4C, LMP1 was not detected in C666-1 cells or EBV-negative
TWO3 cells (negative control), but LMP1 was expressed by positive
control SNK-6 cells, an LMP1-positive NK/T-cell lymphoma cell
line.26:27

We next assessed the expression of CD70 using a murine
xenograft model of SHO mice inoculated subcutaneously with
C666-1 to ascertain whether not only cultured C666-1 cells but
also C666-1 tumor cells in the in vivo xenograft model express
CD70. Immunohistochemical staining was performed to analyze
CD70 expression in FFPE tissue sections prepared from subcuta-
neous tumors. Histologically, the tumors were formed by atypical
cells positive for CD70 and EBER but not LMP1 (Figure 4D). These
characteristics were consistent with those of in vitro cultured
C666-1 cells.

Using immunohistochemical staining, we also investigated the
correlation between CD70 and LMP1 expression in a subset of
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FIGURE 2 Soluble CD27 (sCD27) levels
in serum of patients with nasopharyngeal
carcinoma (NPC). (A) sCD27 levels in
serum from patients with NPC and healthy
controls (HC) as measured using ELISA.
Horizontal lines indicate mean values. (B)
Receiver-operating characteristic curve of
sCD27 for discrimination between NPC
patients and HC. The area under the curve
(AUC) value was 0.8606 (95% confidence

AUC = 0.8606 interval 0.7563-0.9649).
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FIGURE 3 Correlations between serum soluble CD27 (sCD27) level and the expression of CD70 and CD27 in tumor tissues of
nasopharyngeal carcinoma (NPC) patients. (A) Association between serum sCD27 level and immunohistochemical (IHC) CD70 expression

in tissue tumor cells. Weak, moderate, and strong staining were defined as positive for CD70. (B) Association between serum sCD27 level
and IHC CD27 expression in tumor-infiltrating immune cells. When >5% of tumor-infiltrating mononuclear immune cells were positive for
CD27, the specimen was defined as CD27 positive. (C) Representative IHC features of NPC tissues stained for CD70 and CD27 using serial
slides. The presence or absence of CD70-positive tumor cells and CD27-positive immune cells infiltrating around tumor cells (CD70/CD27)
is indicated by (+) or (=), respectively. Scale bars are 100 um. (D) Association between serum sCD27 level and combined IHC CD70 and CD27
expression patterns. Horizontal lines in (A), (B), and (D) indicate mean values.

patients (n=29) with EBER-positive NPC. Figure 4E shows repre-
sentative immunohistochemical features of serial slides of NPC tis-
sues stained for CD70 and LMP1. Thirteen of twenty-nine patients
(44.8%) were positive for LMP1; however, no significant correla-
tion between positive staining for CD70 and LMP1 was observed
(Figure 4F). Collectively, these results suggest that EBV infection
in NPC tumor cells plays an important role in CD70 expression,
whereas persistent LMP1 expression in EBV-positive NPC tumor
cells is not necessarily required for CD70 expression.

4 | DISCUSSION

It is generally assumed that CD70 expressed on tumor cells inter-
acts with CD27 on TILs in the tumor microenvironment. However,
determining whether this interaction actually occurs can be tech-
nically challenging. Measurement of serum levels of sCD27 could
potentially be used to detect this interaction because sCD27 is
cleaved from the cell surface upon ligation of CD27 to CD70 and
therefore enters body fluids.>® In the present study, we clearly



NAGATO ET AL.

(A)
]

~

C666-1 (B

Cancer St:lence WiLEY [

p = 0.4001

v ™ (?
p = 0.0191 2009 ™ e 8 ¢
150009 = — p=0.0174 © zZ
Tys0d T 1 & E n
E
_ D LMP1 -
%. 10000+ 5100-
a -actin e
3 3 ) B -
8
O 5000 o
SN
NN
ol F8EE
C666-1 TWO03 & S
& &
Q
(E)
o
¥ =
Pttt Walm ST ~
LMP1 Q
a
(&)
(F)
CD70
Negative  Positive
Negative 4 12
LMP1 0.1067

Positive 0

FIGURE 4 Expression of CD70 and latent membrane protein 1 (LMP1) in nasopharyngeal carcinoma (NPC) cell lines and tissues from
Epstein-Barr virus (EBV)-positive NPC patients. (A) Flow cytometric analysis of the surface expression of CD70 on NPC cells. Left histograms
show the CD70 level as measured by flow cytometry. Cells were stained with a PE-conjugated anti-CD70 monoclonal Ab (red lines). Black
lines: cells stained with isotype-control Ab. Right graph shows delta mean fluorescence intensity (AMFI) of CD70 calculated by subtracting
the isotype control staining value. Values are plotted as mean+SEM (n=3). (B) Release of soluble CD27 (sCD27) from peripheral blood
mononuclear cells (PBMCs) cocultured with NPC cell lines. Concentrations of sCD27 in supernatants of PBMC and NPC cell line cocultures
or monocultures were determined by ELISA. Values are plotted as mean+SD (n=3). (C) LMP1 expression in NPC cell lines as assessed by
Western blotting. B-actin was used as a loading control. SNK-6 cells were used as a positive control for LMP1 expression. (D) Representative
immunohistological features of tumor samples from a xenograft model mouse inoculated with C666-1 cells. (E) Representative
immunohistochemical features of serial slides of EBV-positive NPC tissues stained for CD70 and LMP1. Expression of CD70 and LMP1 in
tumor cells (CD70/LMP1) is indicated as negative (-) or positive (+). Scale bars in (D) and (E) are 100 um. (F) Correlation between CD70 and

LMP1 expression in EBV-positive NPC tissues.

demonstrated that serum sCD27 levels are significantly elevated
in NPC patients, as demonstrated by the good diagnostic accu-
racy for discriminating between patients and healthy subjects.
More importantly, the levels of serum sCD27 in NPC patients
with both CD70-positive tumor cells and CD27-positive TILs
were significantly higher than in other patients. Furthermore, co-
culturing PBMCs with CD70 high-expressing NPC cells led to in-
creased levels of sCD27 in the supernatant. These results indicate
that the intratumoral CD70/CD27 interaction boosts the release

of sCD27 into the serum of NPC patients. Our present findings
are consistent with previous results reported by Ruf et al.,” who
demonstrated significantly higher sCD27 serum levels in RCC
patients with CD70-expressing tumor cells and CD27-positive
TILs compared with healthy individuals and patients that either
had CD70-expressing tumor cells but no CD27-positive TILs or
had CD27-positive TlLs and CD70-negative tumor cells or were
negative for both. These data thus suggest that the intratumoral

CD70/CD27 interaction is accompanied by the presence of high
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levels of sCD27 in the serum of NPC patients, similar to findings
in RCC patients, although further studies are required to validate
our findings.

We also found that NPC patients with CD27-positive TILs exhib-
ited better survival than patients without such cells. Consistent with
our findings, recent studies by other researchers showed a correla-
tion between the presence of CD27-positive TILs and a favorable

prognosis in some solid tumors, 2820

suggesting that CD27-positive
immune cells may include lymphocytes capable of eliciting antitu-
mor immune responses, such as tumor-specific cytotoxic and helper
T cells.

By contrast, higher CD70 expression in CD27-positive NPC pa-
tients tended to correspond with poor prognosis. Kashima et al.?’
reported similar findings in thymic squamous cell carcinoma, as
patients with CD27-positive TIL-high tumors exhibited longer sur-
vival than patients with CD27-positive TIL-low tumors, and this
tendency was weaker in the CD70-high subset. Thus, our results
suggest that the presence of CD70 in tumor tissues imparts a sur-
vival advantage to NPC cells by facilitating evasion of the host im-
mune response through the interaction with CD27. Other studies
have reported that CD70-positive tumor cells evade elimination
by antitumor immune surveillance through two distinct primary
mechanisms.> The first mechanism involves induction of exhaus-
tion or apoptosis in CD27-positive lymphocytes.?13* A recent
single-cell RNA sequencing study found that CD27-positive CD8
T cells sorted from fresh RCC samples were more apoptotic and
displayed a dysfunction/exhaustion phenotype.10 The second
mechanism of immune escape involves increased accumulation of
regulatory T cells (Tregs) in the tumor microenvironment. Several
studies have demonstrated that CD27 is also expressed on Tregs
and that CD70-expressing tumors may favor the generation of
Tregs through CD27 costimulation, thereby leading to the sup-
pression of antitumor immune responses within the tumor micro-
environment and the subsequent acceleration of tumor growth.>®
Gong et al.'” recently revealed that NPC cells can enhance the
development and suppressive activity of Tregs via the CD70/
CD27 interaction. Therefore, it is possible that CD70-expressing
NPC cells induce a state of immune suppression via these distinct
mechanisms involving the CD70/CD27 pathway.

With regard to the analysis of CD70 expression in NPC using
immunohistochemistry, a few studies demonstrated that most
EBV-positive NPC cells express CD70, although these studies in-
cluded only patients with EBV-positive NPC and not patients with
EBV-negative NPC.}**® The immunohistochemical experiments
performed in the present study used tissue samples from 41 NPC
patients, including 12 EBV-negative patients. In the case of patients
with EBV-positive NPC, 25 of 29 (86.2%) samples were positive for
CD70, similar to the high positive percentages reported in the pre-
vious studies mentioned above, whereas tumor cells were positive
for CD70 in only 4 of 12 (33.3%) patients with EBV-negative NPC.
In addition, a significant correlation was observed between pos-
itive staining for CD70 and EBER. Furthermore, the expression of
CD70 in the EBV-positive NPC cell line was significantly higher than

that in the EBV-negative NPC cell line. A recent single-cell analysis
showed higher expression of the CD70 gene in tumor cells from EBV-
positive NPC patients compared with tumor cells from EBV-negative
patients.” Our results and the data reported by other researchers
indicate that EBV infection plays a crucial role in the induction of
CD70 expression in NPC. However, the effect of LMP1 expression
on CD70 expression in NPC remains unclear. A previous study re-
ported that transfection of epithelial cells with LMP1 induced the
expression of CD70."> However, we could not find any relationship
between the expression of CD70 and LMP1 in the NPC cell lines and
tissue samples examined, consistent with the results of previous im-
munohistochemical studies by other researchers.!*® This discrep-
ancy may indicate that continuous LMP1 expression is not required
to maintain CD70 expression once it is established. In any case, ad-
ditional studies will be required to clarify details of the mechanism
by which EBV induces CD70 expression in NPC.

Our abovementioned results and those of other researchers sug-
gest that immunotherapeutic strategies targeting the CD70/CD27
axis hold great potential for eliminating NPC cells. A recent preclini-
cal study showed that blockade of the CD70/CD27 axis using an an-
ti-CD70 Ab significantly suppressed the growth of established NPC
in patient-derived xenograft-bearing humanized mice,’” suggesting
that agents capable of inhibiting the CD70/CD27 interaction could
become attractive therapeutic options for treating NPC in the fu-
ture. In addition, cytotoxic anti-CD70 Abs or CD70-specific chimeric
antigen receptor T cells may also be effective for treating NPC by
directly inducing the killing of tumor cells. Moreover, we believe that
serum sCD27 could be useful as a predictive tool for CD70/CD27-
targeted anti-NPC therapies, given that high levels of sCD27 are
correlated with increased CD70 expression in tumor cells and det-
rimental excessive interaction between CD70-positive tumor cells

and CD27-positive lymphocytes.
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