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Differences in Zbtb7a expression cause heterogeneous changes
in human nasopharyngeal carcinoma CNE3 sublines
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Abstract. The present study aimed to determine the asso-
ciation between changes in Zbtb7a expression levels and
heterogeneity of nasopharyngeal carcinoma (NPC) CNE3
sublines. CNE3 sublines were established by screening of
serial dilution and continuous passage. Proliferative ability
and tumorigenicity of the sublines were analyzed separately
by soft-agar colony formation and mouse studies. The NPC
tissues from mice were analyzed by histological evaluation
and immunohistochemistry. The expression levels of Zbtb7a
mRNA and protein were analyzed separately by quantitative
reverse transcription polymerase chain reaction and western
blotting. According to findings from the soft-agar colony
formation and mouse studies, two sublines with increased
tumorigenicity compared with other sublines were transfected
transiently with Zbtb7a short hairpin RNA (shRNA) recombi-
nant plasmid. The changes in viability, migration and invasion
abilities were evaluated separately by MTT, colorimetric
focus-formation, Transwell migration and invasion assays.
The sublines CNE3-GX6 and CNE3-GX11 were selected
for subsequent study due to increased tumorigenicity and
increased Zbtb7a expression levels compared with the other
sublines. High metastatic potency was not observed in all of
the sublines. Zbtb7a expression levels were positively associ-
ated with tumorigenic degree of the sublines. The growth,
migration and invasion abilities of the sublines transfected
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with Zbtb7a shRNA plasmid were decreased compared with
the cells transfected with empty vector in the negative control
group. The findings suggest Zbtb7a expression levels may be
associated with heterogeneity of CNE3 sublines. Therefore,
Zbtb7a may have an important role in the regulatory mecha-
nism of NPC heterogeneity.

Introduction

It is well known that recurrence and metastasis are important
causes of mortality in nasopharyngeal carcinoma (NPC)
patients (1). Unfortunately, the mechanisms underlying the
metastasis of NPC remain unclear. Therefore, there is an
urgent need to investigate the mechanisms. The CNE3 cell
line was obtained from liver metastatic carcinoma of primary
NPC and established in 1992 (2). A molecular pathological
study has previously indicated that the histological type of
the CNE3 cell line transformed from an undifferentiated
non-keratinizing carcinoma with focal adenocarcinoma differ-
entiation into a poorly differentiated adenocarcinoma (3). The
results provided approaches for studying metastatic NPC.

Tumor heterogeneity is a subclonal process, where clones
of cancer cells may differ in characteristics, including karyo-
type, invasiveness, growth rate, expression of cell surface
markers and sensitivity to therapeutics (4,5). According to
Paget's theory, metastasis is clonal in its nature (6). Therefore,
heterogeneous characteristics of clonal sublines are an impor-
tant reason that malignant tumor is inclined to recurrence and
metastasis in the advanced stages (7). Successful construction
of tumor sublines will provide an efficient tool for screening
metastasis-associated genes and investigating invasive and
metastatic mechanisms (8,9).

The pro-oncogene Zbtb7a is also named Pokemon/
FBI-1/OCZF/LRF, containing broad complex, tramtrack,
bric-a-brac/poxvirus and zinc finger (BTB/POZ) domain
and actin-binding repeats (10,11). Zbtb7a has a critical role in
oncogenesis (12). Zbtb7a is able to repress transcription of Rb
via its POZ domains in different cancer cell lines (13), activate
transcription in fatty-acid synthase promoter and provide more
phospholipid membrane components required for rapid prolif-
eration of cancer cells (14). It has been reported that Zbtb7a
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is closely associated with a number of different cancer types,
including breast cancer (15), prostate cancer (16), hepatocel-
lular carcinoma (17), NPC (18) and colorectal cancer (19). Early
studies by the present authors demonstrated that increasing
expression levels of Zbtb7a mRNA and protein were accom-
panied by NPC progression in most cases (18). Subsequently,
short hairpin RNA (shRNA)2 plasmids were constructed and
screened for their ability to knock down Zbtb7a expression (20).
In the present study in order to elucidate the characteristics of
the CNE3 cell line from NPC distant metastases, a number
of sublines were established by single cell cloning and stable
passaging. Sublines with different tumorigenicity were subse-
quently selected and heterogeneity in cellular characteristics
was investigated. Finally, the associations between changes in
Zbtb7a expression and heterogeneity in cellular characteristics
were analyzed.

Materials and methods

Cell culture. The human NPC epithelial cell line CNE3 was
originally obtained and preserved at the Research Center of
Medical Sciences, The People's Hospital of Guangxi Zhuang
Autonomous Region in Nanning (Guangxi, China) (2). The
CNE3 cells were grown in RPMI-1640 medium with 10%
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA).

Single cell cloning by serial dilution. The single CNE3 cell
clones were screened by serial dilution. A total of 100 ul
complete culture medium was added to 95 wells in the 96-well
plate (Corning Incorporated, Corning, NY, USA). A total of
200 ul CNE3 cell suspension (5x10%/ml) was added to one well
(A1), and 100 pl suspension was transferred from well Al to Bl
and mixed by gentle pipetting. The 1:2 dilutions were repeated
down the entire column, and 100 ul suspension was discarded
from well H1. A total of 100 ul additional medium was added
to each well in the first column, and 100 gl suspension was
transferred from the first column to the second column. The
1:2 dilutions were repeated across the entire plate, and 100 pl
medium was added to each well.

Soft agar colony formation. Thirteen CNE3 sublines were
established by screening single cell clones and stable passaging.
The sublines were named sequentially from CNE3-GXI1 to
CNE3-GX13. A base layer comprising 2 ml medium (0.5%
agarose; Beijing Solarbio Science & Technology Co., Ltd.,
Beijing, China) in a 6-well plate (Corning Incorporated) was
solidified at 4°C for 15 min. A cell layer containing 10° cells in
1 ml medium (0.25% agarose) was solidified at 4°C for 15 min
and subsequently incubated at 37°C under 5% CO,. The
number of colonies (over 50 cells/colony) was counted after
14 days of incubation using a CKX41 microscope (original
magnification, x40; Olympus Corporation, Tokyo, Japan).

Xenograft mouse tumor model. Based on the results of soft
agar colony formation and cell morphology, 5 sublines and
CNE3 were selected to establish tumor model. A total of
60 BALB/c mice were obtained from the Guangxi Medical
University Laboratory Animal Centre. The mice were female,
4-weeks old and weighed ~15 g, and were randomly divided
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into six groups. Mice were raised in independent ventilation
cages (Tecniplast S.p.A, Buguggiate, Italy). The temperature
was 20-25°C. The atmosphere was 20-50 Pa. The light/dark
cycle was 10/14 h. The food and water were sterilized. A nude
mouse was subcutaneously injected with cells [107/200 ul
phosphate-buffered saline (PBS)] from different sublines. The
end point of when the mice were sacrificed was 8 weeks. Then
they were anatomized and evaluated for the probability of
metastasis after 8 weeks. The weight and volume of primary
tumor were measured. The protocol for establishing the
transplanted tumor model of CNE3 was the same as the tumor
model of CNE3 sublines. Tumor volume was calculated by
using the formula: V = (t/6)(d1xd2)*?. The present study was
approved by the Ethics Committee of the People's Hospital of
Guangxi Zhuang Autonomous Region (Nanning, China).

Histological evaluation and immunohistochemistry (IHC).
Histological evaluation and IHC were performed as previ-
ously described (3). The tissues were obtained from nude
mice transplanted with tumors of cells from the CNE3 cell
line and its sublines. The tissues were fixed for 24 h by 10%
neutral formalin, at room temperature. Tissues were then
sliced into 4-pum thick sections. Tissues were stained with
hematoxylin and eosin (H&E); 0.5% hematoxylin stained for
5 min and 0.5% eosin stained for 2 min at room temperature.
A non-biotin horseradish peroxidase ready-to-use two-step
detection system (ZSGB-BIO, Beijing, China) was used in
the THC analysis. There was an increased abundance of posi-
tive staining observed in the brown granules compared with
the unspecific background staining. Staining was primarily
observed in the cell nucleus (p63) or cytoplasm [cytokeratin
(CK)5/6, CK7]. The positive cell rates and staining intensi-
ties were analyzed in the intact slices by high power fields
(original magnification, x200). The results of the positive cell
rates (<10%) and weak coloring were negative. The results of
the positive cell rates (>10%) and dark brown granules were
positive. Staining was determined as positive when >10% of
the cells were positively stained, and positive staining was
observed in the dark brown granules. H&E and THC were
analyzed using a BX51 microscope (Olympus Corporation).

Quantitative reverse transcription polymerase chain reaction
(RT-gPCR) and western blotting. RT-qPCR and western blot
analysis were performed as previously described (18). For
RT-qPCR, total RNA from the CNE3-GX4, CNE3-GX6,
CNE3-GX7, CNE3-GX10 and CNE3-GX11 sublines was
extracted by TRIzol (Invitrogen; Thermo Fisher Scientific,
Inc.). RNA amount was detected by NanoDrop 2000 (Thermo
Fisher Scientific, Inc.). Total RNA (4 ul) was analyzed by
1.2% agarose gel electrophoresis with 0.6 mol/l formaldehyde.
The gel was photographed by Bio Imaging System Gene
Genius (Syngene, Cambridge, UK). An equal amount (4 ug)
of total RNA was synthesized as a first-strand cDNA using
the RevertAid™ First-Strand cDNA Synthesis kit (Fermentas;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. The cDNA was the source of the template. The Zbtb7a
(NM_015898.2) primers were: Forward, 5'-GCTTGGGCC
GGTTGAATGTA-3' and reverse, 5'-GGCTGTGAAGTTACC
GTCGG-3'. GAPDH was used as an internal reference control.
The GAPDH (NM_002046.4) primers: forward, 5'-CATGAG
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AAGTATGACAACAGCC-3' and reverse, 5S'-AGTCCTTCC
ACGATACCAAAGT-3". All primer sequences were designed
and synthesized by Invitrogen (Thermo Fisher Scientific, Inc.).
The reaction mixture consisted of 10 ul Super Real PreMix
and 0.4 ul 50X ROX (both from Tiangen Biotech Co., Ltd.,
Beijing, China), 0.5 ul template, 0.5 pl forward primer, 0.5 pl
reverse primer and 7.4 ul ddH,O. The thermocycling condi-
tions included an initial denaturation step at 95°C for 15 min,
denaturation at 95°C for 10 sec and annealing at 60°C for
32 sec for 40 cycles, dissociation stage at 95°C for 15 sec,
60°C for 1 min, 95°C for 15 sec, 60°C for 15 sec. The reaction
program was executed by the 7500 Real-Time PCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
expression level of Zbtb7a mRNA was calculated using the
AACq method (21).

For western blotting, protein (20 ug) was subjected to 10%
SDS-PAGE and transferred onto 0.22 ym PVDF membranes
(Millipore, Billerica, MA, USA) using the Mini-Protean
system (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
The membranes were incubated with the primary antibodies
against Zbtb7a (1:500 dilution; catalog no. ab70208; Abcam,
Cambridge, UK) and p-actin (1:1,200 dilution; catalog
no. AA128; Beyotime Institute of Biotechnology, Shanghai,
China) overnight at 4°C. The membranes were subsequently
incubated with peroxidase-conjugated goat anti-rabbit IgG
(H+L; 1:8,000 dilution; catalog no. ZB-2301; ZSGB-BIO) or
horseradish peroxidase-labeled goat anti-mouse IgG (H+L;
1:12,000 dilution; catalog no. A0216; Beyotime Institute
of Biotechnology) for 2 h at 37°C. The detection was
performed using the BeyoECL Plus kit (Beyotime Institute
of Biotechnology) according to the manufacturer's protocol.
Fuji Medical X-ray Film (Guangxi Yesstar Medical Systems
Co., Ltd., Nanning, Guangxi, China) was placed on top of the
membrane and performed exposure. The exposed X-ray film
was scanned (Unisplendour Co., Ltd., Beijing, China).

Transient knockdown of Zbtb7a in CNE3 sublines. The
sublines CNE3-GX6 and CNE3-GX11, with increased tumor-
igenicity compared with other sublines, as demonstrated by
soft agar colony formation assay, animal experiments and
analysis of Zbtb7a expression levels, were selected. The
pRNAT-UG6.1/Neo (GenScript, Piscataway, NJ, USA) vector
was used for all transfection experiments, and these were
performed as previously described (13). The cells were plated
in 6-well plates at a density of 10° cells/well, and transient
transfection was performed with 4 g plasmid and 10 ul
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) when the cells covered >50% of the area. A transfec-
tion efficiency of 70-80% was observed by IX71 fluorescence
microscopy (Olympus Corporation) after 48 h, and the trans-
fected cells were used for subsequent assays. The untreated
cells and cells transfected with the empty vector and shRNA
were named as blank control (BC), negative control (NC) and
shRNA, respectively.

MTT assay and colorimetric focus forming assay. The role
of Zbtb7a in growth control of CNE3 sublines was analyzed
by MTT and focus forming assays. For MTT assay, the cells
were plated in 96-well plates at a density of 4,000 cells/well
and incubated with 0.5% MTT (Sigma-Aldrich; Merck KGaA,
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Darmstadt, Germany) for 4 h at 37°C. Subsequently, the cells
were lysed using DMSO (Sigma-Aldrich; Merck KGaA), and
the absorbance was detected by using the GF-M3000 ELISA
analyzer (Shandong Gaomi Caihong Analytical Instruments
Co., Ltd., Gaomi, Shandong, China) at 490 nm. For colori-
metric focus forming assay, the NC and shRNA-transfected
cells were plated in 6-well plates at a density of 300 cells/well.
Then the cells were fixed using 100% methanol after 2 weeks
of incubation at 37°C for 30 min. They were subsequently
stained by 5% crystal violet (Amresco, LLC, Solon, OH, USA)
in 100% methanol at 37°C for 10 min. The number of foci
(over 50 cells/foci) were counted using a CKX41 microscope
(original magnification, x40; Olympus Corporation).

Transwell migration and invasion assay. Transwell migration
and invasion assays were performed in 6.5 mm Transwell
chambers of 24-well plates (pore size, 8 ym; Costar; Corning
Incorporated). A total of 1x10 cells (migration assay) and 4x10°
cells (invasion assay) from the BC, NC and shRNA-transfected
groups were resuspended in 200 ul serum-free RPMI-1640
medium in the upper chamber. A total of 800 ]l medium
containing 10% FBS was added to the lower chamber. For
invasion assays, the upper surface was coated with 70 ul
serum-free RPMI-1640 medium (dilution, 1:3) and Matrigel
(BD Biosciences, San Jose, CA, USA) prior to the seeding of
the cells. The cells were incubated for 4 h at 37°C and 5%
CO,. After 24 h (migration assay) and 48 h (invasion assay)
of incubation at 37°C, non-migratory and non-invasive cells in
the upper chamber were completely removed by cotton swabs.
The cells adhered to the lower chamber were rinsed with
PBS, fixed with 100% methanol and stained with 1% crystal
violet at 37°C for 20 min. The number of cells migrated and
invaded was quantified by counting using a BX51 microscope
(original magnification, x200). For each well, the mean of five
individual fields in the center of the filter was obtained.

Statistical analysis. All assays were performed in three
independent experiments, and all data are expressed as the
mean =+ standard deviation (SD). Data analysis and graphs were
performed using Sigma Plot software (version 12.5; SPSS Inc.,
Chicago, IL, USA). Statistical differences between two groups
were evaluated with independent samples t-test, and one-way
analysis of variance was used for multiple comparisons. Least
significance difference (LSD) test and Student-Newman-Keuls
(SNK) test were used as post hoc tests (version 13.0; SPSS
Inc.). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Soft agar colony forming and morphology of CNE3 sublines.
The number of colonies formed was markedly different
between the sublines. CNE3-GX10 cells were not able to form
any colonies. By contrast, CNE3-GX11 cells formed a signifi-
cantly increased number of colonies compared with cells from
the other sublines (Fig. 1A). These findings suggested that
proliferative capability of CNE3-GX10 cells was the weakest
and the proliferative capability of CNE3-GX11 cells was the
strongest. A total of 5 sublines (CNE3-GX4, CNE3-GX6,
CNE3-GX7,CNE3-GX10 and CNE3-GX11) were selected for
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Figure 1. Comparisons of CNE3 sublines in soft agar colony formation and cell morphology. (A) The number of colonies formed in 13 CNE3 sublines. (B) The
morphology of 5 CNE3 sublines (magnification, x200): (a) CNE3-GX4, (b) CNE3-GX6, (¢) CNE3-GX7, (d) CNE3-GX10 and (¢) CNE3-GX11. "P<0.05. In soft
agar colony formation, the results of multiple comparisons showed that there was statistical significance among CNE3-GX4/6/7/11.
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Figure 2. Comparison of tumorigenicity between tumor models established using CNE3 and CNE3-GX4/6/7/10/11. (A) The weight of primary tumor from
the CNE3-GX11 tumor model was increased compared with tumor models established using CNE3 and other sublines. (B) The volume of primary tumor
of CNE3-GX11 was increased compared with tumors from models established using CNE3 and other sublines. (C) Tumor formation rate of tumor models

established using CNE3 and other sublines.

the following experiments according to the obvious differences
of soft-agar colony formation and cell morphology (Fig. 1B).

Xenograft mouse tumor model and molecular pathological
assays. High metastatic potency was not observed in the
sublines CNE3-GX4, CNE3-GX6, CNE3-GX7, CNE3-GX10
and CNE3-GX11. All BALB/c mice injected with CNE3-GX11
cells formed tumors (10/10), while all mice injected
CNE3-GX10 cells failed to form tumors (0/10). The other
sublines (CNE3-GX4, CNE3-GX6 and CNE3-GX7) partly

formed tumors. The weight of tumor and volume of tumors
formed from CNE3-GX11 cells was increased compared with
other sublines (Fig. 2). Findings from histological examination
and THC analysis of tumor tissues formed from CNE3-GX4,
CNE3-GX6, CNE3-GX7 and CNE3-GX11 were similar with
the results of tumor tissues formed from CNE3 cells (3). H&E
evaluation and IHC revealed that CNE3 sublines had some
features of poorly-differentiated adenocarcinoma. CK5/6 and
p63 expression was negative and CK7 expression was positive
in the THC assay (3).
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Figure 3. Levels of Zbtb7a expression in CNE3 and CNE3 sublines. (A) The mRNA levels of Zbtb7a in CNE3-GX4/6/7/11 were normalized to the expression
in CNE3-GX10. (B) Western blotting was performed to analyze the expression of Zbtb7a proteins. B-actin was used as an internal control. (C) Densitometric
analysis of Zbtb7a expression. (D) The protein levels of Zbtb7a in CNE3-GX6 and CNE3-GX11 were higher than Zbtb7a expression in CNE3 (upper panel).
Cumulative results were shown as mean + SD and error bars indicated SD (lower panel). "P<0.05, “P<0.01, compared with CNE3-GX10. SD, standard

deviation.

Zbtb7a expression levels of CNE3 and CNE3 sublines. The
results indicated that Zbtb7a expression in CNE3-GX11 cells
was the highest, while the expression in the CNE3-GX10 cells
was the lowest (Fig. 3). Due to their stronger tumorigenicity and
higher expression compared with other sublines, CNE3-GX6
and CNE3-GX11 were used for the following assay.

Protein and mRNA levels of Zbtb7a are decreased following
Zbtb7a knockdown in CNE3-GX6 and CNE3-GX11. The
shRNA recombinant plasmids of Zbtb7a and blank plasmid
were transiently transfected into CNE3-GX6 and CNE3-GX11
cells. The results indicated that Zbtb7a expression was
efficiently knocked down in transfected CNE3-GX6 and
CNE3-GX11 cells (Fig. 4).

Silencing of Zbtb7a reduces growth, migration and invasion
in CNE3-GX6/11. MTT assay showed viability of Zbtb7a
shRNA-transfected cells were reduced compared with cells
transfected with BC and NC (Fig. 5A and B). Focus forming
assay indicated that the number of foci of shRNA-transfected
cells was reduced compared with cells transfected with
NC (Fig. 5C and D). Transwell migration and invasion assays
separately indicated that migratory and invasion abilities of
shRNA cells were reduced compared with cells transfected
with BC and NC-transfected cells (Fig. 5E and F).

Discussion

Heterogeneity analysis can be effectively used for researching
invasive and metastatic mechanisms of cancer. For example,
the SUNE-1 subline has been useful tools for studying tumori-
genicity and metastatic potential of NPC, since different
heterogeneity was confirmed (22-24).

In the present study, it was demonstrated that there are
differences in tumorigenicity, viability, migration and inva-
sion between the CNE3 sublines. Notably, the results indicated
that proliferative capability of CNE3-GX10 cells was the
weakest and the proliferative capability of CNE3-GX11 cells
was the strongest. Similarly, Zbtb7a expression levels and
tumorigenicity of CNE3-GX10 was the lowest, while that of
CNE3-GXl1l1was the highest. The findings suggest that Zbtb7a
expression levels may be associated with heterogeneity of
CNE3 sublines.

In order to confirm the hypothesis, RNA interference was
used to effectively silence the expression of specific genes
through microRNA, small interfering RNA (siRNA) and
shRNA. When some genes are transiently knocked down by
siRNA or shRNA, some cellular characteristics are tempo-
rarily changed (25-27). The cell lines knocked down stably
by shRNA can provide an ideal model for studying invasive
and metastatic mechanisms of NPC (28). In the present
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Figure 5. Knockdown of Zbtb7a reduces growth, migration and invasion in CNE3-GX6/11 cell lines. (A) The changes in viability of CNE3-GX6-BC,
CNE3-GX6-NC and CNE3-GX6-shRNA transfected cells were evaluated by MTT assay at 0,24, 48 and 96 h. (B) The changes in viability of CNE3-GX11-BC,
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and CNE3-GX6/11-shRNA transfected cells was analyzed by colorimetric focus forming assay after 2 weeks of incubation. (D) The foci of the cells were
stained by 5% crystal violate in 6-well plates. (E) The migratory abilities of CNE3-GX6/11-BC, CNE3-GX6/11-NC and CNE3-GX6/11-shRNA-transfected
cells were assessed by Transwell assay. (F) The invasion abilities of CNE3-GX6/11-BC, CNE3-GX6/11-NC and CNE3-GX6/11-shRNA-transfected cells were
assessed by Transwell assay. “P<0.01. BC, blank control; NC, negative control; shRNA, short hairpin RNA.

study although high metastatic potency was not observed in  viability, migration and invasion abilities of the cells have
the CNE3 sublines, an association between Zbtb7a expres- decreased. The authors of the present study hypothesize
sion and tumorigenicity was observed. Following transient  that high Zbtb7a expression may promote tumorigenicity in
knockdown of Zbtb7a in CNE3-GX6 and CNE3-GX11 cells, NPC.
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Why do CNE3 cells lose metastatic ability as a liver
metastatic carcinoma cell line? Basing on the ‘seed and soil’
theory (5,6,29,30), the authors of the present study hypoth-
esize that the tumorigenic characteristics of clonal cells in
distant metastasis are altered in order to adapt to new tumor
microenvironment for metastasis. Primary nasopharyngeal
adenocarcinoma (NAC) is a very rare subtype of NPC (31).
CNES3 has typical characteristics of NAC. Since CNE3 was
established, it has been used in various studies on NPC (32-37).
Therefore, CNE3 is a useful tool for studying characteristics
and treatment of NAC.

In summary, the present study suggests that Zbtb7a may
have an important impact on the regulatory mechanism of
NPC sublines, which may be investigated further. Zbtb7a
participates in complex regulation network due to its critical
role in cancer. Notably, Zbtb7a acts as a tumor suppressor in
colon carcinoma or melanoma cell lines by triggering stable
shRNA-mediated knockdown (38,39). It is necessary to inves-
tigate whether Zbtb7a acts as a suppressor or not in NPC cell
lines with stable knockdown of Zbtb7a. For future studies, the
authors of the present study will establish the sublines from
high-metastatic potential NPC cell lines such as 5-8F (40) to
elucidate the role of Zbtb7a in NPC.
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