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Abstract: Background: Nasopharyngeal carcinoma (NPC) is a malignant tumor characterized by a large number
of tumor-infiltrating lymphocytes and high expression of programmed death ligand-1 (PD-L1). Interferon-gamma
(IFN-y) has proven to be the strongest inducers of PD-L1. This study aims at investigating the effect of IFN-y on the
expression of natural killer group 2, member D ligands (NKG2DLs), a series of immune-activating proteins, and their
further effect on immune killing in NPC. Methods: RNA-seq data from the Gene Expression Omnibus database was
downloaded and analyzed for the correlation between IFN-y and NKG2DLs. IHC staining of clinical biopsy samples
was performed to support the correlation between IFN-y and ULBP3. Different NPC cell lines were treated with IFN-y
(100 U/ml) and the expression of PD-L1 and ULBP3 were detected at different time points. The 5-8F cell lines with
PD-L1 over-expression and ULBP3 knockout were established and the T-cell cytotoxicity assay was performed to in-
vestigate the effect of ULPB3 on cytotoxicity. Results: Correlation analysis and IHC staining showed that the expres-
sion of ULBP3 had a significant negative correlation with IFN-y in NPC patients. The vitro assays revealed that ULBP3
can be time-dependently down-regulated by IFN-y. The cytotoxicity of CD8* T-cells that were co-cultured with ULBP3
knockout 5-8F cells was significantly impaired compared to wild type 5-8F cells. Conclusions: IFN-y can significantly
down-regulate the expression of ULBP3 in NPC. And the down-regulation of ULBP3 and the up-regulation of PD-L1
are both mediated by IFN-y and may collectively play a role in the inhibition of immune killing in NPC.

Keywords: Immune killing, interferon-gamma (IFN-y), nasopharyngeal carcinoma (NPC), programmed death li-
gand-1 (PD-L1), UL16-binding protein 3 (ULBP3)

Introduction

Nasopharyngeal carcinoma (NPC) is an Epstein-
Barr Virus (EBV)-associated malignancy that is
characterized by high level of tumor infiltrating
lymphocytes (TILs) and high expression of pro-
grammed death ligand-1 (PD-L1) [1, 2]. At pres-
ent, distant metastasis remains the main
cause of treatment failure in NPC patients. As
the efficacy of the first line platinum chemo-
therapy is limited, an effective systematic treat-
ment after chemotherapy failure is particularly
important. Based on the outcomes reported in
the KEYNOTE-012 [3] and CheckMate 141 [4]

studies, the Food and Drug Administration
(FDA) accelerated the approval of pembrolizum-
ab and nivolumab as a second-line treatment
for recurrent and/or metastatic head and neck
squamous cell carcinoma (r/m HNSCC) previ-
ously treated by chemotherapy. However, the
efficacy of single PD-1 inhibitors is still limited in
non-selective population of many advanced
solid tumors [5-10], including the head and
neck cancer [3, 4]. Although previous studies
demonstrated that solid tumors that are infil-
trated with a large number of CD8" T lympho-
cytes and express high levels of PD-L1 would
have a better response to PD-1/PD-L1 inhibi-
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tors [11], the objective response rate (ORR) of
single PD-1 inhibitors in patients with PD-L1
positive r/m NPC is only 20% to 30% [12, 13].

The natural killer group 2, member D (NKG2D)
receptor, is a type Il transmembrane protein
that is expressed on the surface of natural kill-
er (NK) cells, CD8* T-cells, yo T-cells, af T-cells,
macrophages, and some CD4* T cells under
certain selective stimuli or pathological condi-
tions [14]. NKG2D ligands (NKG2DLs) are com-
prised of several MHC class I-like molecules
including MHC class I-related genes A and B
(MICA and MICB) and UL16-binding protein
family (ULBP1-6) in humans. NKG2DLs are
mainly expressed on tumor cells, macrophages,
and dendritic cells (DCs) under different forms
of cell stress, such as DNA damage, oxidative
stress, heat-shock, and viral infection, includ-
ing EBV infection [15-21]. Engagement of
NKG2D and its ligands on target cells can
increase the cytotoxicity of T-cells and the pro-
duction of cytokines, playing an important role
in both innate and adaptive immune responses
[22].

Previous studies found that interferon gamma
(IFN-y), the strongest inducer of PD-L1, can reg-
ulate the expression of NKG2DLson the sur-
face of melanoma, sarcoma, and other kinds of
cancer cells [19, 23-27]. Based on these find-
ings, we hypothesized that there is also an IFN-
y-mediated regulation of NKG2DLsin NPC that
may affect the function of cytotoxic T-cells. To
test our hypothesis, we analyzed the RNA-seq
data from the GEO database and the assays of
clinical biopsy samples and NPC cell lines. We
verified that ULBP3, a member of NKG2DL fam-
ily, can be significantly down-regulated by IFN-y.
Moreover, the knockout of ULPB3 with the over-
expression of PD-L1 can significantly impair the
cytotoxicity of antigen specific CD8* T-cells in
nasopharyngeal carcinoma.

Methods

Analysis of the gene expression omnibus
(GEO) database

RNA sequencing data of 113 patients with NPC
were downloaded from the GEO database
(https://www.ncbi.nim.nih.gov/geo/query/acc.
cgi?acc=GSE102349, accession humber: GSE-
102349, accessed date: 20 December 2017).
All gene expression quantification data were
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normalized to the RNA-seq value of the frag-
ments per kilobase million (FPKM) (Supple-
mentary Table 1). Expression of IFN-y, PD-L1,
and all NKG2D ligands were screened out and
analyzed using the Spearman correlation in R
Studio.

Clinical samples and follow-up

Fifty-seven cases of archived formalin-fixed
and paraffin-embedded (FFPE) NPC biopsies
were obtained from the Pathology Department,
Fujian Cancer Hospital affiliated to Fujian
Medical University. All tumor samples were iso-
lated from consecutive untreated patients in
2008 who were pathologically diagnosed as
non-keratinizing undifferentiated nasopharyn-
geal carcinoma stage Il or IVA, and all received
the standard treatment regimen of concurrent
chemoradiotherapy in our center. Baseline
characteristics including sex, age, T classifica-
tion, N classification, and clinical stage were
collected. The time to recurrence, metastasis,
and death were recorded during the follow-ups.
The follow-up cut-off time of all patients was
October 1, 2018.

All sample and data collection and statistical
analysis in this study were conducted in accor-
dance with the Institutional Review Board of
Fujian Medical University affiliated Cancer Hos-
pital. Individual informed consent was waived
based on the Ethical Board requirement for ret-
rospective clinical studies. Patient records/
information was anonymized and de-identified
prior to analysis.

Immunohistochemistry

An anti-PD-L1 rabbit monoclonal antibody
(SP142, Spring Bioscience), anti-CD8 rabbit
monoclonal antibody (SP16, ZhongShanGoden-
Bridge), and anti-ULBP3 rabbit polyclonal anti-
body (Abcam) were used to detect PD-L1, CDS,
and ULBP3. Rabbit IgG (ab37415) was used as
an isotype antibody control. Assessing and
scoring were performed by two different certi-
fied pathologists. PD-L1 and ULBP3 were sco-
red according to the combined positive score
(CPS), which was defined as the total number of
arbitrary intensity stained cells (including tumor
cells, lymphocytes, and macrophages) divided
by the total number of tumor cells [28]. For
PD-L1, CPS<1 was considered negative, 1<
CPS<20 was considered low, CPS>20 was con-
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sidered high. For ULBP3, CPS< or was consid-
ered negative, 1<CPS waswas considered low,
CPS>5 was considered high. CD8 was scored
according to the percentage of the area of
interstitial lymphocytes stained with an arbi-
trary intensity to the total area of cells in the
visual field [29]. Percentage < Pe was consid-
ered negative, 20%< percentage < erce was
considered low, percentage >40% was consid-
ered high. The correlations between baseline
characteristics, clinical outcomes and quantita-
tive expression levels of CD8, PD-L1, and
ULBP3 were analyzed using SPSS 21.0.

Cell culture

Three NPC cell lines (5-8F, CNE1, CNE2) were
obtained from the Institute of Biochemistry and
Cell Biology, Chinese Academy of Sciences,
Shanghai. HEK293T was obtained from the
Laboratory of Translational Medicine, Fujian
Cancer Hospital. All cells were cultured in
DMEM with 10% FBS and maintained in a
humidified 5% CO2 environment at 37°C. CNE1,
CNE2, and 5-8F were treated with 100 U/ml
exogenous IFN-y (PeproTech, 300-02) and col-
lected to determine the expression level of
PD-L1 and ULBP3 after 0, 4, 12, and 24 h.

Flow cytometry

Cells were labeled with anti-human PD-L1 anti-
body (Biolegend, Catalog Number: 393605)
and anti-human ULBP3 antibody (Santa Cruz
Biotech, sc-390844), then subsequently labe-
led with FITC-conjugated goat anti-mouse 1gG
(Biolegend, 405305) and analyzed using No-
voCyteflow cytometry (ACEA Biosciences,
1000) and FlowJo software. Cells were washed
between the reactions in FACS buffer (1% FCS
and 0.1% NaN, in PBS). Expression levels of
PD-L1 and ULBP3 on the surface of tumor cells
were represented as mean fluorescence inten-
sity (MFI).

Western blotting

Cells were lysed in ice-cold RIPA buffer and 40
ug of protein was loaded for electrophoresis on
8%-12% denaturing SDS-PAGE gels. The blots
were probed with the primary antibodies over-
night at 4°C, followed by incubation with the
appropriate secondary antibodies at room tem-
perature for 1 h. The primary antibodies used
were PD-L1 (1:1000, Cell Signaling Technology
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Inc, #13684), ULBP3 (1:1000, Santa Cruz
Biotech Inc, sc-390844), GAPDH (1:1000,
Abcam Inc, ab8245). The secondary antibodies
used were HRP-conjugated goat anti-mouse
IgG and goat anti-rabbit 1gG.

Quantitative reverse-transcription polymerase
chain reaction (QRT-PCR)

RNA isolated from cells was subjected to
reverse transcription using Superscript lll tran-
scriptase (Invitrogen). gRT-PCR was conducted
using a Bio-Rad CFX96 system with SYBR green
to determine the mRNA expression level of
genes of interest. Expression levels were nor-
malized to 18s rRNA level. The following prim-
ers were used in gPCR, PD-L1, forward, 5-AG-
TTCTGCGCAGCTTCCC-3’; PD-L1, reverse, 5’-GC-
GTTCAGCAAATGCCAG-3’; ULBP3, forward, 5-
CCTGATGCACAGGAAGAAGAG-3’; ULBP3, rever-
se, 5'-CTTAGCTCAACCCAAAGCCATA-3’; 18s, for-
ward, 5-CGACGACCCATTCGAACGTCT-3’; 18s,
reverse, 5-CTCTCCGGAATCGAA CCCTGA-3..

Construction of cell lines with different pheno-
types

The full-length PD-L1 gene sequence was
obtained by PCR and made ligation-indepen-
dent cloning (LIC) with pLV-EF1a-MCS-Flag-
IRES-Bsd (Supplementary Figure 1A) processed
by the BamHI/Smal. PCR and sequencing were
used to verify the obtained monoclone.
Lentivirus particles were packaged by four-
plasmid system (Supplementary Figure 1C-E)
and transfected to human embryonic kidney
(HEK) 293T cells. The overexpressed plasmid
and the control plasmid were transfected into
the 5-8F cells using the lipofectamine 2000
reagent. The transient expression of PD-L1 was
detected by Western-blot or flow cytometry
after 24 to 48 hours.

The ULBP3 sgRNA sequences were designed
and selected out the first three with the highest
scores for vector construction (Table 1). The
vector Lenticrispr V2 (Supplementary Figure
1B) was cloned with three pairs of sgRNA after
processed by BsmBI single cut linearization.
The obtained monoclone was verified, pack-
aged into lentivirus and transfected. The knock-
out plasmid and the control plasmid were
transfected into 5-8F cells. The stably trans-
fected cell lines were screened with 1 ug/ml
Puromycin after 72 hours. Flow cytometry was

Am J Transl Res 2020;12(10):6509-6523



ULBP3 affects immune Killing in NPC

Table 1. The first 3 ULBP3 sgRNA sequences
with the highest scores

Name of Prime Sequence

ULBP3-sgRNA-F1 CACCGCTATTCGACTGGTCCGGGAC
ULBP3-sgRNA-R1 AAACGTCCCGGACCAGTCGAATAGC
ULBP3-sgRNA-F2 CACCGCAGGTACGGAAGAATCGCG
ULBP3-sgRNA-R2 AAACCGCGATTCTTCCGTACCTGC
ULBP3-sgRNA-F3 CACCGCTATTCGACTGGTCCGGGA
ULBP3-sgRNA-R3 AAACTCCCGGACCAGTCGAATAGC

used to detect the stable transgenic cells.
Sequencing was used to evaluate the gene-
editing of the genome.

Detection of specific CTL activity

The peripheral blood mononuclear cells (PB-
MCs) were isolated and induced to the mature
dendritic cells (mDCs) by adding freeze-thaw
5-8F NPC cell antigen 100 ug/ml. The alloreac-
tive CD8* T cells were induced by adding IFN-y
20 pg/ml and IL-2 500 U/ml to the PBMCs. The
5-8F antigen-specific CTLs were attained by co-
culturing CD8* T cells with mature DCs for 48
hours and sorted using CD8* T-cell isolation kit
(MiltenyiBiotec) and VarioMACS Separator (Mi-
ItenyiBiotec). Flow cytometry was used to iso-
late and detect the purity of the CD8* T-cells.
The 5-8F cell lines with different membrane
phenotypes were stained with Carboxyfluore-
scein succinimidyl ester (CFSE) and co-cultured
with 5-8F antigen-specific CD8* T-cells at differ-
ent ratios of effector cells to target cells (1:1,
5:1 and 10:1). The spontaneous apoptosis of
5-8F cell lines was used the tumor cell sponta-
neous control. The suspended cells and adher-
ent cells were collected and evaluated by flow
cytometry after 8 hours.

Statistics

All group data are represented as the mean *
SD. The differences in mean values between
the two groups were compared using a two-
tailed unpaired Student’s t-test. Between mul-
tiple groups, the data were analyzed using an
analysis of variance (ANOVA) with the Bonferroni
correction. A P value less than or equal to 0.05
was considered as statistically significant. R
studio, Prism (GraphPad Software Inc.) and
SPSS21.0 (International Business Machines
Corporation) were used for the statistical
analyses.
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Results

Correlations among NKG2DL, PD-L1 and IFN-y
at mRNA level in NPC

In 113 patients with NPC obtained from GEO
database, correlation analysis (Figure 1) show-
ed that IFN-y was significantly positively corre-
lated with PD-L1 (R=0.35, P<0.001) and MICB
(R=0.412, P<0.001). Given the reported that
NKG2DLs are associated with the clearance of
virus [22], we speculated that the positive cor-
relation between IFN-y and MICB could due to
the infiltration of a large number of TILs in the
inflammatory phase, which were involved in the
clearance of Epstein-Barr virus. Meanwhile,
IFN-y was significantly negatively correlated
with UBLP1 (R=-0.241, P=0.01), UBLP3 (R=-
0.3, P=0.001), ULBP5 (R=-0.19, P=0.04), and
ULBP6 (R=-0.31, P<0.001). Given that ULBP6
is mainly related to virus infection and autoim-
mune diseases [30], we focused on ULBP3 in
the following assays.

Correlations among ULBP3, PD-L1 and CD8*
T-cells at protein level in NPC patients

In this study, 57 patients with NPC were
enrolled. Their baseline characteristics, clinical
outcomes and survival analysis are shown in
the supplemental materials (Supplementary
Tables 2, 3, 5, Supplementary Figure 5). IHC
showed that PD-L1 was mainly distributed on
the membrane of tumor cells (TCs) presenting
circular or linear staining, and a few were scat-
tered in the cytoplasm of interstitial immune
cells (ICs). The intensity of staining was yellow
to brown. CD8 was distributed in the cytoplasm
of infiltrating ICs in the stroma, stained dark yel-
low to dark brown. ULBP3 was found mostly in
the cytoplasm of ICs and a very small amount
was found in TCs, showing yellow to brown
appearance.

According to the predefined criteria, the posi-
tive rates of expression of PD-L1, CD8 and
ULBP3 protein among 57 cases of NPC sam-
ples were 57.9%, 93.0%, and 38.6% respec-
tively (Supplementary Table 4). The rate of high
expression was 31.6%, 50.9%, and 29.8%
respectively. Spearman rank correlation analy-
sis (Tables 2A-C) showed that the expression
level of PD-L1 protein was positively correlated
with CD8 protein (R<0.36, P<0.05) and nega-
tively correlated with ULBP3 protein (R=0.44,
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Figure 1. IFN-y was positively related to PD-L1, MICB and negatively related to some ULBPs. The RNA-seq data of 113 patients with NPC downloaded from the GEO
database (GSE102349) were analyzed by Spearman correlation analysis. At the mRNA level, IFN-y had significantly positive correlations with (A) PD-L1 and (C) MICB.
IFN-y had significant negative correlations with (D) ULBP1, (F) ULBP3, (H) ULBP5 and (l) ULBP6, and no significant correlations with (B) MICA, (E) ULBP2 and (G)
ULBP4. The correlation between IFN-y and MICB indicated that MICB might play a role in the infection and clearance of EBV.
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Table 2A. Spearman rank correlation analysis between PD-L1 and CD8

CD8 expression

- - Total X2 P-value Spearman R-value P-value
negative Low High
PD-L1 expression negative 10 4 11 25 12.681 0.013 0.356 0.007
Low 5 5 4 14
High 0 4 14 18
Total 15 13 29 57
Table 2B. Spearman rank correlation analysis between PD-L1 and ULBP3
ULBP3 expression
- - Total X2 P-value Spearman R-value  P-value
Negative/low High
PD-L1 expression Negative/low 22 17 11.181 0.000 -0.443 0.001
High 18 0
Total 40 17
Table 2C. Spearman rank correlation analysis between CD8 and ULBP3
ULBP3 expression
- - Total X2 P-value  Spearman R-value  P-value
negative Low High
CD8 expression negative 9 1 5 15 1.122 0.891 -0.013 0.921
Low 8 2 3 13
High 18 2 9 29
Total 35 5 17 57

P<0.001). At the same time, we found that
there is a medium level of exclusiveness in the
special distribution of PD-L1 and ULBP3 (Figure
2).

Correlations among ULBP3, PD-L1, and IFN-y
in NPC cell lines

Three NPC cell lines, 5-8F, CNE1, and CNE2,
which were preserved in our laboratory, were
selected to study the regulatory effect of IFN-y
on the expression of PD-L1 and ULBP3 in NPC.
After being exposed to IFN-y at a dose of 100
ng/ml all three cell lines showed a significantly
higher expression of PD-L1 (P<0.05) and a sig-
nificantly lower expression of ULBP3 (P<0.05).
With exposure to IFN-y, the expression of PD-L1
was significantly up-regulated and the expres-
sion of ULBP3 was significantly down-regulated
at both RNA and protein levels in all cell lines
(Figure 3).

Detection of cytolytic activity of CD8* T cells
against 5-8F cell lines with different pheno-

types

Three 5-8F cell lines with different phenotypes
were constructed in vitro: 1) the PD-L1°¢-5-8F
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cell line that was transiently transfected with a
PD-L1 expression vector (Supplementary
Figure 2A-C); 2) the ULBP3*-5-8F cell line that
was stably transfected with the ULBP3 knock-
out vector (Supplementary Figures 2D, 2E, 3);
3) the ULBP3*PD-L1°¢-5-8F cell line that had
both a knockout of ULBP3 and overexpression
of PD-L1. The wild-type 5-8F cell line was used
as a control.

The 5-8F-specific CTLs were obtained by co-
culturing CD8* T-cells with mature DC which
had been co-cultured with 5-8F cells, then sort-
ed and purified by a flow cytometry VarioMACS
system. The results of FC showed that the pro-
portion of 5-8F-specific CD8* T-cells increased
from 49.13% to 92.57% (Supplementary Figure
4A and 4B).

We co-cultured the various 5-8F cell lines with
5-8F-specific CD8* T-cells and identified the
cytolysis of tumor cells using CFSE-PI-flow
cytometry. The results show that at a 1:1 ratio
of effector cells to target cells, the cytolysis of
tumor cells in the PD-L1°¢-5-8F, ULBP3*°-5-8F,
ULBP3%-PD-L1°-5-8F, and control groups
were, respectively, 18.49%, 20.13%, 12.56%,
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Figure 2. Staining of serial sections of 3 patients
with NPC. A. Patient A had a high expression of CD8
and PD-L1 but the expression of ULBP3 was nega-
tive; B, C. Patient B and C had both a moderate ex-
pression of CD8, negative expression of PD-L1 and
a positive expression of ULBP3. From the above 3
cases, we could find that the expression and distri-
bution of ULBP3 and PD-L1 were both negatively
correlated.

and 23.41% (Figure 4A-D); at a 5:1 ratio of
effector cells to target cells, the cytolysis rates
were 34.28%, 33.63%, 27.92%, and 46.88%
respectively (Figure 4E-H); and at a 10:1 ratio
of effector cells to target cells, the cytolysis
rates were 46.67%, 42.62%, 38.65%, and
69.02% respectively (Figure 41-L).

Results of t-tests suggested that both the
knockout of the ULBP3 gene and overexpres-
sion of the PD-L1 gene could decrease the
cytolytic ability of CD8" T-cells to 5-8F cells.
Moreover, the combination of ULBP3-knockout
and overexpression PD-L1 significantly decrea-
sed the cytolytic ability of CD8* T-cells (Figure
4N-P). In addition, with the increase of the ratio
of effector cells to target cells, the cytolytic effi-
ciency of CD8* T-cells against 5-8F cells was
significantly increased (Figure 4M).
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Discussion

In our study, we found in vitro that IFN-y can
significantly up-regulate PD-L1 and down-regu-
late ULBP3 in the microenvironment of NPC.
Moreover, the overexpression of PD-L1 and the
knockout of ULBP3 will both impair the cytotox-
icity of antigen-specific CD8" T-cells, and the
PD-L1 overexpression combining with ULBP3
knockout will most significantly PD-L1 weaken
the killing activity of CTLs.

Many previous studies demonstrated that IFN-y
released by activated CD8* T-cells, NK cells,
and NKT cells is the strongest inducing factor
of PD-L1 [31-33]. In our study, we also con-
firmed that there is an IFN-y-dependent up-reg-
ulation of PD-L1 in NPC. Moreover, some
researchers indicated that the binding of IFN-y

Am J Transl Res 2020;12(10):6509-6523
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Figure 3. IFN-y up-regulated PD-L1 and down-regulated ULBP3 in NPC cell lines. The 5-8F, CNE1, and CNE2 cell lines were treated by exogenous recombinant IFN-y
and detected the expression of PD-L1 and ULBP3 respectively when 0O, 4, 12 and 24 h after treatment. From (A-C), results of Western blotting, FACS, and real-time
PCR showed that IFN-y can significantly up-regulate the expression of PD-L1 and down-regulate the expression of ULBP3. Moreover, the effect of IFN-y was time-
dependent. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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Figure 4. PD-L1 overexpression and ULBP3 knockout impaired the cytotoxic of 5-8F specific CD8" T-cells. Three kinds of 5-8F cell lines (PD-L1°¢, ULBP3*°, PD-
L1°e+ULBP3*°) with different phenotypes and the control cell line were co-cultured with 5-8F antigen-specific CD8* T-cells at different ratios of effector cells to target
cells (1:1, 5:1 and 10:1). The cytotoxicity of CD8" T-cells was assessed by FACS. A-D. Death rates of tumor cells at 1:1 ratio of E:T in PD-L1°¢-5-8F, ULBP3*-5-8F,
ULBP3*-PD-L1°¢-5-8F cell lines, and blank control group; E-H. Death rates of tumor cells at 5:1 ratio of E:T in different cell lines; I-L. Death rates of tumor cells at
10:1 ratio of E:T in different cell lines; M. Cytotoxicity of CTLs on tumor cells was up-regulated as the ratio of E:T raised; N-P. Comparation of cytotoxicity of CTLs on
each cell line at different ratios of E:T. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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to its receptor can activate the classical JAKs-
STATs pathway and induce the up-regulation of
interferon regulatory factor 1 (IRF-1), which
finally enters the cell nucleus and promotes the
transcription and expression of PD-L1 [34].

Similar to PD-L1, ULBP3 is also proven to be a
type of stress-induced protein that is widely
expressed on tumor cells, activated T-cells,
macrophages, and during virus infection, malig-
nant transformation, or oxidative stress [35,
36]. Some researchers found that tumor cells
can down-regulate the expression of NKG2DL
on their surface through a variety of pathways,
and the IFN-y was one of the important regula-
tory factors. Zhang et al. confirmed that IFN-y
can up-regulate the synthesis of matrix metal-
loproteinases (MMPs), which promotes the
shearing and shedding of membrane MICA pro-
tein and increases the level of soluble MICA
protein [27]. Yadav et al. found that IFN-y could
down-regulate the expression of MICA at a
post-transcriptional level by increasing the miR-
520b in many tumors [26]. In addition, Schwinn
et al. demonstrated that IFN-y can directly
down-regulate the transcription of NKG2DL and
STAT1 protein that play an important role in this
process [25]. Consistent with previous findings,
we also found that the expression of many
NKG2DLs were down-regulated by IFN-y in NPC,
the most significant of which was ULBP3.

All of these results indicated that there is an
IFN-y induced up-regulation of PD-L1 and a
down-regulation of ULBP3 in NPC. The mecha-
nisms include a down-regulation at both the
transcription and protein levels, and the promo-
tion of the secretion of membrane proteins.
Combined with the previous results, we specu-
late that these two molecular events are likely
to occur through a common signal pathway, the
JAKs-STATs pathway. More in vivo experiments
are needed to explore and confirm this molecu-
lar mechanism. We also found that there is an
exclusiveness in special distribution between
ULBP3 and PD-L1, which indicated that there
may exist an inhibitive interaction between
UBLP3 and PD-L1 proteins. Those conjectures
still need to be verified by further experiments.

The CD8* T-cell response plays an important
role in inhibiting tumor development, but their
cytolytic function against tumor cells is regu-
lated by many factors, including the expression
and interaction of the NKG2D receptor and its
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ligands [37]. Previous studies have confirmed
that the down-regulation of NKG2DLs can de-
crease the cytolytic activity of NKG2D-positive
effector immune cells, suppress both the in-
nate and adaptive immune responses, and
finally promote immune escape [38-40]. Zhang
et al. blocked the NKG2D receptors on immune
cells with monoclonal antibodies and found
that their cytolytic function against tumor cells
was reduced, which shows that IFN-y can
decrease the expression of NKG2DLs and
impair the function of immune cells mediated
by NKG2DL [41]. In our study, we constructed
three kinds of 5-8F cell lines with different phe-
notypes of ULBP3 and PD-L1 and found that
the overexpression of PD-L1 and the knockout
of ULBP3 on 5-8F cells could impair the killing
function of specific CD8* T-cells. Moreover,
those tumor cells which also had PD-L1 overex-
pression and ULBP3 knockout showed the
strongest resistance to CD8* T-cells. We also
found lack of ULBP3 and high expression of
PD-L1 in a NPC patient with primary resistance
to PD-1 inhibitors (Supplementary Figure 6).
These results suggest that the lack of ULBP3
might have a synergistic effect with high expres-
sion of PD-L1 on the immune resistance of
nasopharyngeal carcinoma cells.

Conversely, some researchers found that
increasing the expression of NKG2DLs on
tumor cells can enhance the cytotoxic effect of
NK cells both in vivo and in vitro [42-44].
Andreas et al. [45] and Xu et al. [46] found that
the up-regulation of expression of NKG2DLs
could enhance the cytotoxic ability of immune
cells. Xu et al. also proved that the expression
of ULBP4 could improve the cytotoxic function
of immune cells, using the killing activity experi-
ments and NPC cell lines with different expres-
sion levels of ULBP4 [46]. However, some
researchers found that when massive expres-
sion and shedding of NKG2DL occur, the pro-
motion of immune function mediated by NKG2D
will be counterweighed and the population of
immunosuppressive T-cells will be expanded
[47]. This suggests that the shedding of ULBP3
maybe one other mechanism responsible for
impairing the killing activity of CD8* T-cells.

In summary, clinical data has shown that a sin-
gle PD-1 inhibitor has only a limited effect on
patients with recurrent and/or metastatic NPC,
even those patients with a high expression of
PD-L1 [12, 13]. Our study provides a new view
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that the IFN-y mediated lack or suppressed
expression of ULBP3 and high expression of
PD-L1 could be the important markers which
could promote the immune escape and pro-
mote immune resistance in the NPC microenvi-
ronment. The patients with PD-L1 positive and
ULBP3-low expression could be a unique sub-
group of immune escapees.
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Supplementary Material

Supplementary data

RNA sequencing data of 113 patients with NPC from GEO database (Attachment Supplementary Table
1)

General information and clinical outcomes of patients enrolled

There were totally 57 patients with NPC enrolled, which include 40 males and 17 females. The median
age at diagnosis was 46-year-old (ranges from 12 to 79 years). According to the 8" edition of the Union
International Against Cancer (UICC)/American Joint Committee on Cancer (AJCC) system (1), 42 out of
57 (74%) patients were at stage Ill and 15 out of 57 (26%) patients were at stage IVA. Pathology proved
undifferentiated non-keratinizing carcinoma was diagnosed in all 57 patients.

The average follow-up time was 121 months (ranges from 15 to 129 months). 4 out of 57 (7%) patients
had local recurrence in the nasopharynx, 4/57 (7%) patients had local recurrence in regional lymph
node and 12 out of 57 (21.1%) patients had distant metastasis. The median overall survival time and
the median disease-free survival time after the initial treatment was both 121 months. The 5-year
Overall Survival (OS) Rates and the 5-year Disease-Free Survival (DFS) rates were 73.7% and 68.4%
respectively.

The concise baseline characteristics of patients enrolled were shown in Supplementary Table 2. The
entire baseline characteristics and clinical outcomes were shown in attachment Supplementary Table
3.

Scores of immunohistochemistry staining of patients enrolled (Attachment Supplementary Table 4)
Prognostic and predictive values of ULBP3 in NPC

The univariate survival analyses (Supplementary Table 5) showed that clinical stage, T stage, expression
of CD8 and ULBP3 protein were the influencing factors of OS in patients with NPC, and the expression
of ULBP3 was also the influencing factor of DFS in patients with NPC. Sex, age, N stage and the expres-
sion of PD-L1 protein were not associated with prognosis.

The survival curves (Supplementary Figure 4) showed that OS in patients with high expression of CD8
protein was significantly longer than that in patients with negative/low expression of CD8. DFS and OS
in patients with high expression of ULBP3 were both significantly longer than those in patients with
negative/low expression of ULBP3.

In addition, we stained and analyzed the baseline tumor samples of some patients with advanced NPC
who received the PD-1 inhibitors in our center. In the immune microenvironment of one patient primarily
resistant to PD-1 inhibitor, we found a large number of infiltrated CD8* T cells, a strong expression of
PD-L1 and an loss of expression of ULBP3 (Supplementary Figure 5A). In addition, in another sample of
one patient who responded to PD-1 inhibitor, we found a similar infiltration of CD8" T cell, a positive
expression of PD-L1 whereas a positive expression of ULBP3 (Supplementary Figure 5B).

Reference

[1] N. C. C. Network: National Comprehensive Cancer Network. (NCCN) Clinical Practice Guidelines in Oncology.
Head and Neck Cancer, Version 2. In, (2018).
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Supplementary Figure 1. Structures of plasmids used in our study. A. pLV-EF1a-MCS-Flag-IRES-Bsd; B. Lenticrispr V2; C. pMDLg/pRRE; D. pRSV-Rev; E. pMD2.G.
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Supplmentary Table 2. Baseline characteris-
tics of patients enrolled (N=57)

Baseline characteristics n (%)

Gender Female 17 (30%)
Male 40 (70%)
Age >50 22 (39%)
<50 35 (61%)
Median age 46 (12~79)
Clinical stage | 0
Il 0
1] 42 (74%)
IVA 15 (26%)
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Supplmentary Table 4. The scores of immunohistochemistry staining of 57 cases of samples

CcD8 PD-L1 ULBP3
No. First Second Final First Score Second Score Final Score  First Score Second Final Score
Score (%) Score (%) Score (%) (CPS) (CPS) (CPS) (CPS) Score (CPS) (CPS)

1 60 70 65 90 20 20 4 1 1
2 80 70 75 90 70 70 <1 <1 0
3 55 45 45 0 0 0 <1 <1 0
4 75 75 75 60 30 30 <1 <1 0
5 70 50 45 <5 <1 0 5 5 7
6 75 60 45 5 <1 0 7 6 6
7 85 60 30 5 <1 0 0 0 0
8 50 25 15 20 8 8 <1 0 0
9 5 <1 1 0 0 0 1 1 1
10 25 10 10 0 0 0 <1 <1 0
11 45 30 15 5 2 2 1
12 10 <1 1 0 0 0 5 5 6
13 80 65 65 0 0 0 45 45 45
14 25 10 10 15 10 10 5 5 6
15 45 10 10 10 0 0 0 0 0
16 85 75 75 15 20 20 0 0 0
17 40 25 25 <1 0 0 7 7 7
18 5 2 2 0 0 0 <1 0 0
19 80 80 80 50 20 20 <1 <1 0
20 10 8 8 20 5 5 0 0
21 80 55 40 70 15 20 1 1 1
22 90 65 40 70 10 20 <1 <1 0
23 15 8 8 0 0 0 5 5 6
24 75 50 50 40 0 0 0 0 0
25 45 35 35 30 20 15 10 10 10
26 10 1 1 20 15 15 5 6
27 50 30 30 60 35 35 1 1 1
28 70 50 50 <5 1 1 <1 0
29 70 60 40 >20 10 10 <1 0 0
30 70 50 50 <5 <1 0 <1 <1 0
31 10 3 1 20 1 1 15 15 15
32 65 50 50 0 <1 0 1 1 1
33 65 50 40 20 5 5 <1 0 0
34 75 70 70 0 0 0 15 15 15
35 55 30 30 30 20 20 <1 <1 0
36 70 45 45 <10 1 1 25 25 25
37 90 65 65 <30 5 5 5 5 6
38 30 30 30 30 15 15 5 5 6
39 75 20 20 5? 0 0 <1 <1 0
40 80 60 60 <30 10 20 1 0 1
41 75 50 50 >90 30 30 1 1 1
42 80 70 70 20 10 20 5 5 5
43 65 60 60 80 5 5 5 5 6
44 75 60 60 70 45 45 2 2 2
45 40 20 20 10 <1 1 <1 0 0
46 75 60 60 <40 10 20 1 1 1
47 60 50 50 <5 5 5 1 1 1
48 25 20 20 0 0 0 5 5 5
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49 65 55 55 70 35 15 5 5 6
50 85 80 80 70 20 20 1 1 1
51 75 55 40 0 0 0 5 5 5
52 70 55 35 <10 1 1 1 1 1
53 50 35 35 <10 8 8 2 2 2
54 65 45 45 80 60 60 1 1 1
55 55 40 45 15 15 15 4 4 6
56 75 55 55 30 10 20 <1 0 0
57 60 45 45 90 50 50 0 0 0
Supplmentary Table 5. Univariate Survival Analysis of 57 patients enrolled
Variable n mDFS (m) p-value mOS (m) p-value
Gender Female 17 - 0.498 - 0.774
Male 40 - -
Age >50 22 - 0.725 - 0.142
<50 35 - -
Clinical stage 1 42 - 0.273 - 0.003
IVA 15 - 61
T stage 2 6 - 0.336 86 0.023
3 41 - -
4 10 - 30
N stage 0 10 - 0.589 - 0.300
1 24 - -
2 17 - -
3 6 - 61
PD-L1 Negative/low-expression 39 - 0.649 - 0.571
High-expression 18 - -
CD8 Negative/low-expression 28 - 0.229 - 0.042
High-expression 29 - -
UBLP3 Negative/low-expression 40 - 0.036 - 0.033
High-expression 17 - -

-- The median cumulative survival rate was not reached.
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Supplementary Figure 2. Verification of 5-8F cell lines with different phenotypes. Results of FACS (A and B) and
western blotting (C) indicated that the expression of PD-L1 was significantly higher than the control cells; (D and
E) Detection of ULBP3 in 5-8F cell line which transfected with ULBP3 knockout plasmid and control and isotype
cell line. Results of FACS indicated that the expression of ULBP3 was significantly lower than the control cells.
***%p<0.001.
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Sequence: ulbp3.seq (Linear/ 268 bp)
Features: 1 visible, 1 total

N T T T Tt o I . e e T T T S I T T T T T T T

5 :lggcagcggccgccagccccgcgatccttccgcgcctcgcg att cttccgtacctgctattcgactggtccgggacggggcgggeccggtgagtt
1 L 1 1 1 1 l 1 L 1 | 1 1 L 1 1 | 1 l
[ T T T T T T T T T T T T T T T T T T

3° ccgtcgeccggecggtcggggcgctaggaaggcgcggagcge taa gaaggcatggacgataagctgaccaggccctgccccgeccggeccactcaa

ULBP3-sgRNA

ggcagcggccgccagccccgcgatccttecgegectecgeg att cttccgtacctgctattcgactggtccgggacggggcgggccggtgagtt
il == GCAGCGGCCGCCAGCCCCGCGATCCTTCCGCGCCTCGCG ATT CTTCCGTACCTGCTATTCGACTGGTCCGGGACGGGGCGGGCCGGTGAGTT

mlUquMAhhﬂﬂmlmmmumumu“mm Mlhm W i

2 = GGCAGCGGCCGCCAGCCCCGCGATCCTTCCGCGCCTCGCthTT CTTCCGTACCTGCTATTCGACTGGTOGGGGNTGGGGCGGGCOTGTGAGTT

“t‘uumhwlhhuuuﬂl““lhfu‘“‘k’ l‘hm ‘m ‘h“:‘“ )..«hl W“M i k A

130

E GGCAGCGGCCGCCAGCCCCGCGATCCTTCCGCGCCTCGCGC%TT CTTCCGTACCTGCTATTCGACTGGTCCGGGACGGGGCGGGCCGGAGAGTT
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¢ == GGCAGCGGCCGCCAGCCCCGCGATCCTTCCGCGCCTCGCG ATTﬁ']CTTQGGTACCTGCTATTCGACTGGTCCGGGACGGGGCGGGCCGGTGAGTT
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Supplementary Figure 3. Verification of the genetic knockout in 5-8F cell lines.
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Supplementary Figure 4. Detection of proportion of 5-8F-specific CD8* T cells. A. The proportion of 5-8F-specific
CD8* T cells before sorting was 49.13%. B. The proportion of 5-8F-specific CD8* T cells after sorting was 92.17%,
which was significantly higher than that before sorting.
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Supplementary Figure 5. Effects of PD-L1, CD8 and ULBP3 on survival in 57 patients with NPC. Green line: high-
expression; blue line: negative/low-expression. A. The expression of CD8 protein had no significant effect on DFS in
NPC. B. The OS of patients with high-expression of CD8 was significantly longer than that of patients with negative/
low-expression (P<0.042). C. The expression of PD-L1 protein in NPC had no significant effect on DFS. D. The expres-
sion of PD-L1 protein in NPC had no significant effect on OS. E. The DFS of patients with high-expression of ULBP3
was significantly longer than that of patients with negative/low-expression (P<0.036). F. The OS of patients with
high-expression of ULBP3 was significantly longer than that of patients with negative/low-expression (P<0.033).
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Supplementary Figure 6. IHC staining of 2 patients with NPC received PD-1 inhibitors. A. In microenvironment of
this patient with primary resistance to PD-1 inhibitor, the expression of CD8 and PD-L1 was high and the expression
of ULBP3 was negative; B. In microenvironment of this patient with effective response to PD-1 inhibitor, the expres-
sion of PD-L1 was high and the expression of ULBP3 was positive.
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