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Introduction

Nasopharyngeal carcinoma (NPC) is an epithelial cancer
originates from the nasopharynx epithelium. NPC shows a
unique geographical distribution and is prevalent in Southern
China, Southeast Asia and North Africa [1-3]. NPC seems mainly
affecting Asian in the endemic region, people living in nearby
Asian countries such as Korea and Japan are rarely affected [2-4].
Although the etiology of NPC is still largely unclear, the current
evidence indicate that the high incidence in the endemic regions
is strongly associated with the consumption of local traditional
food including smoked meats, salted foods and preserved foods.
NPC is also associated with several other etiological factors such
as chemical carcinogens, toxic pollutants, genetic susceptibility
and Epstein—Barr virus (EBV) infection [5-7].

Based on the tumor differentiation profiles, NPC can be classified
into three subtypes (Type |, Il and 1ll) [1]. Type | NPC is categorized
to the differentiated and keratinizing squamous cell carcinoma.
The tumor cells are well differentiated with abundant keratin
production. Type Il NPC is the differentiated and non-keratinizing
squamous cell carcinoma. Type Ill NPC is undifferentiated and
non-keratinizingsquamous cell carcinoma. More than 95% of NPC
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cases in Southern China belong to type Il and Ill or non-keratinizing
carcinomas. Both types Il and Il NPC are highly associated with
EBV infection, while Type | is not [1,2,4] Although NPC cells are
commonly infected by EBV, normal nasopharyngeal epithelial
cells don’t carry EBV genome. Thus, EBV encoded gene products
and associated cellular signaling molecules may serve as unique
targets for precise management of EBV (+) NPC [6].



Lacking unique symptoms, NPC are not easily diagnosed at the
early stage [4]. Most patients are diagnosed at the late stage
and succumb to this deadly disease. In addition to surgery, NPC
patients are routinely treated with radio and chemotherapy
because NPC is highly sensitive to radiation and chemo-drugs
[8]. Recently, new EBV-based immunotherapy and gene therapy
were also implemented in the NPC management [7-9]. In this
study, we discovered a strong correlation of EBV infection and
the level of somatostatin receptors (SSTRs), a large family of G
protein-coupled receptors (GPCRs). SSTRs highly expressed in
EBV-positive NPC cells/tissues, but not in EBV-negative cells.
Our finding indicates that SSTR-targeting drugs is likely a good
candidate for the treatment of EBV-positive NPCs.

Materials and Methods
Compounds/Chemicals

The compounds ansamitocin P-3 (AP-3), camptothecin and
colchicine were purchased from MCE (MedChemExpress, NJ,
USA), with > 98% purity.

Cell culture

The EBV-positive NPC (C666-1) and EBV-negative NPC (CNE2) cell
lines were purchased from the Beijing Nightingale Consultation
of Culture (Beijing, China). Both NPC C666-1 and CNE2 cells were
maintained in RPMI 1640 medium, supplemented with 10% fetal
bovine serum (FBS) and 1% penicilin/streptomycin. All cells were
cultured in a humidified incubator (Thermo Fisher Scientific,
Waltham, MA, USA) at 37°C in a 5% CO, atmosphere.

Analysis of RNA-sequencing datasets

Raw RNA-sequencing data sets of primary nasopharyngeal
epithelial cells, NPC cell lines and primary cancer tissues were
obtained from the Gene Expression Omnibus under accession
number GSE54174 as well as the NCBI Sequence Read Archive
(SRP049967). NP460 is an EBV (-) immortalized nasopharyngeal
cell line. HK1 is an EBV (-) well differentiated NPC cell line. C666-1
is an EBV (+) undifferentiated NPC cell line as said above. X666-
1 is an EBV (+) NPC xenograft. All three primary NPC tissues
(SRR1654790, SRR1654791 and SRR1654793)were infected with
EBV. The transcriptome data were first analyzed by our RNA
CoMPASS pipeline (REF1) to detect EBV transcripts and then
analyzed by the RSEM algorithm for quantification of human
gene expression as previously described (REF2) to calculate the
relative levels of SSTR RNA present in these cells [6,10].

Quantitative polymerase chain reaction (qPCR)
assay

Total RNAs were extracted using the total RNA Kit (OMEGA).
RNAs were reverse transcribed into complementary DNA (cDNA).
Following cDNA synthesis, qPCR reactions were performed
in triplicate for each of the individual samples using the SYBR
Green (Genecopoeia, USA) detection method by a Step One
PCR machine (Bio-Rad). The primers used for detecting viral and
cellular genes (LMP1, LMP2, EBNA3A, EBNA3C, BART, BHRF1,
EBNA1, EBER, SSTR1, SSTR2, SSTR3, SSTR4 and SSTR-5) [5,11] are
shown in Table 1. Expression was normalized with the internal
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Table 1 The sequences of primers designed for qPCR analysis of EBV
relative genes and SSTRs.

control B-actin purchased from Genecopoeia (USA). The relative
expression was calculated through the 272 method.

Cell viability assay

Cell viability assay was conducted using the Cell Counting Kit-8
(CCK-8; Dojindo, Kumamoto, Japan) following the manufacturer’s
protocol. Briefly, cells were seeded in 96-well cell culture plates at
a cell density of 8x103 cells per well, with different concentrations
of compounds added to each well, respectively. The content in
wells were mixed well. The plates were incubated at 37°C for 72
h. Then 10 pL of CCK-8 solution was added and the plates were
incubated for another 1-4 h. The OD values were measured at
450 nm by a microplate reader (BioTek, USA).

Cell apoptosis analysis

C666-1 and CNE2 cells (2x10° cells per well) were seeded into
6-well plates, and treated with AP-3 for 48 h. Cell apoptosis assay
was then performed according to the manufacturer’s instruction.
Briefly, the treated cells were collected by centrifugation at
1500 rpm for 5 min. After washed twice with PBS, the cells were
suspended in 100 pL binding buffer and were incubated with 5
pL FITC-AV and 5 pL Pl for 15 minutes in the dark place at room
temperature. Subsequently, additional 400 uL binding buffer was
added and analysis was performed by a Cyto FLEX flow cytometer.

Cell cycle analysis
C666-1 and CNE2 cells (2x10° cells /well) were cultured in 6-well
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plates and treated with AP-3 (0, 0.2 and 0.4 nM for C666-1; 0,
0.1 and 0.2 nM for CNE2) for 24 h. After digested with 0.25%
non-EDTA trypsin, the cell suspension was collected and
centrifuged at 1500 rpm for 5 min. The cells were harvested,
washed twice with PBS, fixed with 70% cold ethanol at -20°C for
24 h. After centrifuged at 4000 rpm for 2 min, the supernatants
were removed, cells were suspended in 500 pL PBS with 0.25%
Triton-X 100 and incubated for 15 min on ice. After centrifuged,
the supernatant was discarded, each tube was added with 500 uL
PBS containing 10 ug/mL RNase A and 20 pg/mL Pl, and incubated
in the dark place at room temperature for 30 minutes. Finally,
the cell samples were placed in Falcon tubes and analyzed by a
CytoFLEX flow cytometry.

Xenograft mouse model

Female BALB/c nude mice aged at 4-6 week-old were purchased
and reared in the laboratory animal facility for one week to
adapt to the new environment. A total of 5 x 10° C666-1 cells
(200 pl) were inoculated into the right flank of each mouse
bysubcutaneous injection. While the tumor sizes reached 100-
300 mm3(Tumor volume = 0.5 x Length x Width?), tumor-carrying
mice were given by tail vein injection with 100 pul of the tested
compound AP-3 at the dose of 0.3 mg/kg in the experimental
group, with 100 pl normal saline containing 10% alcohol used
in the control group. Mice were treated once a week for four
weeks. Tumor volumes were measured and mouse bodies were
weighed twice a week since the first administration.

Results

SSTR2 is a potential drug target for EBV-positive
NPCs

Previous studies report such relationship using traditional method
[12]. We use more accurate RNA-seq analysis and confirm this
phenomenon. We first conducted RNA-seq analysis to interrogate
the level of SSTRs in nasopharyngeal cells/tissues. SSTRs were not
detectable in EBV (-) immortalized nasopharyngeal NP460 cells,
or in EBV (-) well-differentiated NPC cells (HK1). However, SSTRs
were abundantly expressed in EBV (+) NPC C666-1 cells, EBV (+)
NPC X666-1 xenograft and primary NPC tissues (SRR1654790,
SRR1654791 and SRR1654793) (Figure 1).

To validate this observation, we did gRT-PCR assay of both EBV (+)
NPC C666-1 cells and EBV (-) NPC CNE2 cells. Our data confirmed
the presence of EBV gene products (EBER, EBNA1, LMP1/2A,
BHRF1) in EBV (+) NPC C666-1 cells (Figure 2), but not in EBV (-)
NPC CNE2 cells. Among SSTR isoforms, high level of SSTR2 was
also found in EBV (+) NPC C666-1 cells (Figure 3). Our findings
support the notion that in the context of NPC, SSTR2 is likely
a surrogate marker for EBV infection and provide a potential
therapeutic strategy in the treatment of EBV (+) NPC patients via
designing a SSTR2-targeting drug.

SSTR2 is an isoform of SSTR family, a key component of GPCRs.
High level of SSTR has been reported in several cancers such as
lung cancers, breast cancer and neuroblastoma. Somatostatin is
the short peptide ligand of SSTRs. A modified somatostatin analog
or an anti-SSTR2 monoclonal antibody (mAb) could preferentially
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Figure 1 RNA-seq analysis. Raw RNA-sequencing data sets were
gotten from the Gene Expression Omnibus under
accession number GSE54174 and the NCBI Sequence
Read Archive SRP049967. The transcriptome data were
analyzed by RNA CoMPASS pipeline (REF1) to detect EBV
transcripts and then analyzed by the RSEM algorithm for
quantification of human gene expression to calculate
the relative levels of SSTR RNA. NP460 is an EBV (-)
immortalized nasopharyngeal cell line. HK1 is an EBV
(-) well differentiated NPC cell line. C666-1 is an EBV (+)
undifferentiated NPC cell line. X666-1 is an EBV (+) NPC
xenograft. SRR1654790, SRR1654791 and SRR1654793
are the three primary NPC tissues.
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Figure 2 gPCR analysis showed the expression of EBV-associated
genes in both EBV (+) NPC C666-1 and EBV (-) NPC CNE2
cells, including BART8, BART14, BHRF1, LMP1, LMP2A,
EBER, EBNA1 and EBNA2. EBER wa abundantly expressed
in EBV (+) NPC C666-1 cells, with BHRF1, EBNA1,
LMP1 and LMP2A less and the other undetectable. All
investigated genes were not detected in EBV (-) NPC
CNE2 cells.
\_ %

target SSTR2. Thus, the strategy via the interaction of ligand and
receptor could be used to deliver drug to NPC target sites. We
proposed to conjugate a small molecule cytotoxic agent with
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Figure 3 gPCR analysis showed the expressional profiles of
somatostatin receptors (SSTRs) in both EBV (+) NPC
C666-1 and EBV (-) NPC CNE2 cells. SSTR2 was highly
expressed in EBV (+) NPC C666-1 cells, predicting SSTR2
may be a potential target in EBV (+) NPCs.

\_ /

the ligand somatostatin or anti-SSTRs mAb. These new drug
conjugates could most likely deliver drug to SSTR2-specific EBV
(+) NPCs.

The suppressive effects of the tested compounds
on cell proliferation

Three cytotoxiccompoundsansamitocin P-3 (AP-3),camptothecin
and colchicine were tested for NPC treatments. First, we did cell
proliferation assay to examine their anti-proliferative activities.
As shown in Figure 4, all three compounds inhibited the growth
of both EBV (+) NPC C666-1 and EBV (-) NPC CNE2 cells. The IC,
values of AP-3, camptothecin and colchicine in treating CNE2
cells were 0.09 nM, 81.8 nM and 14.1 nM, respectively. The IC_,
values in treating C666-1 cells are 0.07 nM for AP-3, 51.6 nM for
camptothecin and 3.4 nM for colchicine. Their cytotoxic activities
were not affected by the EBV positivity. Notably, AP-3 has the
highest killing efficacy compared to the ones of camptothecin
and colchicine, with one hundred times stronger than the other
two, which makes AP-3 a good candidate for drug conjugate.

The effects of the compound AP-3 on cell
apoptosis and cell cycle progression

We next conducted the flow cytometry assay to further examine
the effects of AP-3 on cell apoptosis and cell cycle progression. As
shown in Table 2 and Figure 5, AP-3 induced apoptosis of C666-1
cells in a dose-dependent manner, with apoptosis rates of 26.19
+ 4.57% (0.4 nM) and 33.61 + 2.88% (0.8 nM), respectively. The
apoptosis rates in treated CNE2 cells are from 14.56 + 3.90%
(control) to 20.88 + 0.81% (0.1 nM) and 38.20 + 8.63% (0.2 nM).
Meanwhile, AP-3 also effectively induced G2/M growth arrest in
both NPC C666-1 and CNE2 cells in a dose-dependent manner.
AP-3-induced G2/M growth arrest in C666-1 cells is from 26.90
+ 3.53% (control) to 51.76 + 9.84% (0.4 nM) and 66.20 + 5.60%
(0.8 nM), respectively. Meanwhile, the AP-3-treated CNE2 cells

4

2021

Health Science Journal

ISSN 1791-809X Vol. 15 No. 5: 834

e N
CNE2
120+ -8 AP-3:ICy=0.09 nM
:; 1004 ™ -~ Camptothecin: IC4=81.83 nM
e —— Colchicine: IC5=14.13 nM
> 80+
S 60
3
> 404
@
O 204
T T T

T T T T T T 1
-14 13 12 11 10 9 -8 -7 6 -5 -4

Log (M)
C666-1
1204 -8~ AP-3: ICg= 0.07 nM
— -~ Camptothecin; ICy= 51.66 nM
q 100
2’ =&~ Colchicine: ICx=3.44 nM
2 801
S 60+
=
Z 407
[}
O 204
0 —r—— T
1413121110 -9 -8 -7 6 -5 4

Log (M)

Figure 4 The suppressive effects of the cytotoxic compounds
AP-3, camptothecin and colchicine in both EBV (+) NPC
C666-1 and EBV (-) NPC CNE2 cells. AP-3 displayed over
hundreds of more activity than the other two, with IC_,
values being 0.09 nM in CNE2 and 0.07 nM in C666-1
cells, respectively.
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Table 2 Ansamitocin P3 (AP-3) induced EBV (-) CNE2 and EBV (+) C666-1
cell apoptosis in a dose-dependent manner.

Cell Concentration
of AP-3 (nM)

Apoptosis (%)

Late stage Total

Early stage

04 15174500 10.99+1.73 26.19+4.57

0 316:079 11.40#3.11 14.5643.90

‘ 0.2 16.15+4.03 22.05+12.66 38.20%8.63

showed a growth arrest from 20.41 + 0.43% (control) to 47.13 +
9.50 % (0.1 nM) and 72.37 + 2.18% (0.2 nM) (Table 3 and Figure 6).

The suppression of compound AP-3 on tumor
growth in vivo

The in vitro assays showed a potent cytotoxic effect of AP-3 on
EBV (+) and EBV (-) NPC cells. We next investigated the anti-
tumor efficacy of AP-3 in xenograft mouse model. The EBV (+)
C666-1 cells were injected under skin of nude mice. Mice carrying
tumors with the average volume size being about 100-300 mm?3
were separated into two groups (n=8), and AP-3 at a dose of 0.3
mg/kg was administered by tail vein injection. As shown in Figure
5, tumor volumes in control group increased from 135.30 + 18.58
mm?3 (Day 0) to 2611.35 + 507.09 mm?3(Day 30), with an increased
rate of 1830.4%. Tumor volumes in AP-3 group rose from 138.11

This article is available in: http://www.hsj.gr/



2021

Health Science Journal

ISSN 1791-809X Vol. 15 No. 5: 834

e N
- {a Qz a {a @z
103171 ) 146 10 3670 136
E 1° 3 E 1o g
ot E &
= 1 =
Nt o Mot o
g 3 &
e &
£ 3
2 103 = 103 =
2 a3 Q4 a3
" 3.45 10 J76.0 271
T Ty Rk | T ™y
7 2 a8
10 10 10 10
Comp-FL1-A FITC-A Comp-FL1-A FITC-A
o Jor az s {a az
10 F182 10.4 10" Fs5.98 13.1
R N
o = D— e
i <
N 0t o o g
[ u b |
& & b
= £ ]
© 40° - 103f
2 a3 14 Q3
10 26.5 9 3619 19.0
T T T T T T -'"'1 T i B T
103 104 105 106 107 10 10 10 10 10
Comp-FL1-A  FITC-A Comp-FL1-A  FITC-A
The compound AP-3 induced cell apoptosis in EBV (+) NPC C666-1 and EBV (-) NPC CNE2 cells. Cells
were treated with AP-3 for 48 hours. Q1, Q2, Q3, and Q4 represent dead cells, late apoptosis, early
apoptosis and alive cells, respectively.
\_ /

Table 3 Ansamitocin P3 (AP-3) induced cell cycle arrest at G2/M phases in EBV (-) CNE2 and EBV (+) C666-1 cells and in a dose-dependent manner.

Concentration of AP-3 (nM)

Phases (%)
S

+ 21.09 mm?3(Day 0) to 1209.06 + 226.20 mm? (Day 30) with an
increased rate of 775.4%. AP-3 given at a low dose of 0.3 mg/kg
resulted in an inhibitory rate of 56.75% in tumor growth, with
bodyweights having a slight decrease (Figure 7).

The Development of AP-3-peptide conjugates
for EBV (+) NPC treatments

AP-3 at the low dose of 0.3 mg/kg could partly suppress NPC
C666-1 tumor growth. In our previous study, we treated nude
mice carrying gastric tumors with a slight higher dose of 0.5 mg/

© Under License of Creative Commons Attribution 3.0 License

kg. We found AP-3 could significantly suppress tumor growth,
but mouse bodyweights sharply dropped, with a mouse died [13].
We reduced the dose to 0.1 mg/kg, the bodyweights came back
to normal, but AP-3 lost its anti-tumor efficacy at this lower dose.
We demonstrated that AP-3 had super cytotoxic activity, but
having severe side effects. AP-3 has a very narrow drug window
and a less chance to be an anti-cancer drug alone. Thus, based
on these findings, we have set out to modify AP-3 and link the
AP-3 analog with peptide somatostatin or anti-SSTR2 mAb. The
preliminary data showed that our drug conjugates could potently
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suppress tumor growth while retaining the cytotoxic activity of
the AP-3 analog and the high binding affinity of SSTR2.

Discussion

Nasopharyngeal carcinoma (NPC) is highly chemo-sensitive
and radio-sensitive [3,8]. Patients diagnosed with NPCs are
usually at the late stage. They are generally treated with radio
and chemotherapy. However, these patients frequently suffer
from cancer recurrence. Further, given that the conventional
chemotherapy generally causes severe side effects, new
strategies have being developed to enhance the anti-cancer
efficacy of these cytotoxic molecules in chemotherapy and
meanwhile reduce their side effects [3,7,14]. Drug-targeting
therapy is one of these new approaches [15,16]. For instance,
one hot topic is to use monoclonal antibodies as drug delivery
vehicles via conjugating these molecules to antibodies and form
the so-called antibody-drug conjugates (ADCs) [17-19]. Due to
their unique advantages, certain short synthetic peptides are also
coupled with molecular drugs to form peptide-drug conjugates
(PDCs) [15-20]. Most of these PDCs could deliver drugs to
cancer cells via the interactions of ligands and receptors that
are detected highly expressed in many cancer cells [15,21,22].
We also have successfully developed receptor-targeting PDCs. In
our previous studies, these PDCs extremely enhanced the anti-
tumor efficacy of the free drugs while greatly cut off the dose in
use and accordingly reduce side effects. For example, JF-10-81
was a peptide-drug conjugate (PDC) via coupling the cytotoxic
small molecule camptothecin to the N-terminus of somatostatin
peptide, displayed its broad cytotoxic activities against tumor cell
proliferation and tumor growth [15,23,24]. Particularly, radio-
labeled somatostatin (named as Lutathera) had been successfully
developed and approved by Food and Drug Administration
(FDA) and applied for clinical treatments of SSTR-aberrant
neuroblastoma [25-27].

NPC is strongly associated with EBV infection. In this study,
our RNA-seq analysis showed that in the context of NPCs, the
aberrant expression of SSTRs was strongly correlated with EBV
infection. We also analzyed the expression of EBV genes in EBV (+)
NPC C666-1 cells and detected abundant EBV transcripts (Figure
2). The expression of SSTR2 was also validated in C666-1 cells by
gRT-PCR. We are also investigating the signaling networks among
them and attempt to find the signaling pathway cascades.
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