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Abstract. Phospholipase C (PLC) is a pivotal enzyme in the 
phosphoinositide pathway that promotes the second messen-
gers, diacylglycerol (DAG) and inositol 1,4,5-trisphosphate 
(IP3), to participate in eukaryotic signal transduction. Several 
PLC isozymes are associated with cancer, such as PLC-β1, 
PLC-δ1, PLC-ε and PLC-γ1. However, the role of PLC-δ3 
(PLCD3) in nasopharyngeal carcinoma (NPC) has not been 
investigated to date. In our previous study, we demonstrated 
that flotillin2 (Flot2) plays a pro-neoplastic role in NPC and is 
involved in tumour progression and metastasis. In the present 
study, we screened the interacting proteins of Flot2 using the 
yeast two-hybrid (Y2H) method and verified the interaction 
between PLCD3 and Flot2 by co-immunoprecipitation. We 
also investigated the biological functions of PLCD3 in NPC. 
Inhibition of PLCD3 expression impaired the malignant poten-

tial of 5-8F, a highly metastatic NPC cell line, by restraining 
its growth, proliferation, mobility and migration. The present 
study demonstrated that PLCD3 may be an oncogenic protein 
in NPC and that it plays an important role in the progression 
of NPC partially by interacting with Flot2.

Introduction

Nasopharyngeal carcinoma (NPC), which is a form of squa-
mous cell carcinoma (1), is a head and neck malignant tumour. 
NPC is endemic in southeast Asia and southern areas of 
China (2). For the treatment of NPC, radiotherapy can be used 
alone or in combination with chemotherapy and surgery (3). 
NPC is characterised by early cervical lymph node and distant 
metastases. The probabilities of treatment failure and relapse 
in NPC patients with distant metastasis have not been signifi-
cantly reduced to date. Therefore, comprehensive studies on 
the causes and biological processes of NPC metastasis are 
needed to improve the therapeutic efficacy for this malignancy.

Yeast two-hybrid (Y2H) is a method to screen unknown 
proteins that interact with known proteins (4, 5). In our previous 
study, we discovered that flotillin2 (Flot2) can promote the 
progression and metastasis of NPC and revealed the molecular 
mechanisms by which it exerts this function (6-8). In the 
present study, we aimed to identify the proteins that interact 
with Flot2 in NPC using a Y2H system. Among the five 
obtained proteins, PLCD3 attracted our attention since it is 
located on the cell membrane similar to Flot2.

Flot2 is a lipid raft marker protein, and directly interacts 
with signaling molecules such as receptors, kinases, adhesion 
molecules and G proteins. It also serves as a tumour regulator 
by regulating cell proliferation, differentiation, apoptosis, 
adhesion and invasion. It has been reported that Flot2 partici-
pates in the development of several types of malignant tumours 
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such as breast cancer, melanoma, gastric and cervical cancer, 
and NPC (9).

PLCD3 is a member of the phospholipase C (PLC) family. 
PLC is a pivotal enzyme in the phosphoinositide pathway 
and is involved in eukaryotic signal transduction through the 
generation of two second messengers: diacylglycerol (DAG) 
and inositol 1,4,5-trisphosphate (IP3). The former mediates 
the activation of protein kinase C (PKC) (10), and the latter 
regulates the release of Ca2+ from intracellular stores (11,12). 
Since the 1950s, 13 isozymes of six PLC family members in 
mammals have been reported, including PLCβ1-4, PLCγ1-2, 
PLCδ1-4, PLC-ε, PLC-ζ and PLC-η (13-16). The core struc-
tures of these proteins include a PH domain in N-terminus, 
a catalytic centre formed by X and Y regions, an eF-hands 
motif and a C2 domain in the C-terminal region (17). PLC 
isozymes have both common and characteristic features that 
reflect their physiological and pathological functions, so each 
isozyme may be associated with specific human disease (18). 
PLC-β1 is involved in schizophrenia (19,20), myelodys-
plastic syndromes (mDS) (21-23), leukemogenesis (24) and 
diabetes (25). PLC-γ1 is implicated in epilepsy (26), cancer 
cell invasion and metastasis in brain tumours (27) and breast 
tumour formation (28). PLC-δ1 is associated with obesity (29), 
neurodegenerative disorders (30), and Alzheimer disease (31) 
and may be a tumour suppressor (32,33). PLC-ε may function 
as a tumour suppressor (34,35). PLC-ζ is related to male infer-
tility (36), whereas PLC-β3 is associated with lymphomas and 
other tumours (37).

In the present study, we identified a Flot2-interacting protein, 
PLCD3, which may play an important role in NPC progression.

Materials and methods

Cell culture. Briefly, 5-8F NPC cells were maintained by 
our laboratory and grown in RPmI-1640 media (Invitrogen, 
Carlsbad, CA, uSA) supplemented with 10% fetal bovine 
serum (FBS) in a humidified atmosphere with 5% Co2 at 37̊C.

Yeast two-hybrid. The culture conditions and treatment 
methods of yeast strains Y2gold and Y187 were similar to 
those described previously (38). PmD18-T vector (kept by our 
laboratory) was ligated to the open reading frame (oRF) of 
Flot2, which was amplified by PCR using a sense primer 
(5'-CGAATTCATGAGTAGCTCCCACTCTC-3') and an anti-
sense primer (5'-CGGATCCTCAGGGCACCACAACGC-3') 
from 5-8F cDNA. Then, the yielded product and pgBKT7-BD 
were double digested by EcoRI and BamHI (both from Takara, 
Shiga, Japan), respectively. The digested DNA fragment was 
recombined in vitro. The obtained yeast bait vector pgBKT7-
Flot2 was transfected into yeast bait strain Y2gold.

The cDNA of 5-8F was reverse transcribed using SMARTTm 
technology and co-transfected into yeast library strain Y187 
(both from Clontech, Shiga, Japan) with pgADT7-Rec vector, 
which was then plated on SD/-leu agar medium. After 4-5 days, 
the colonies were pooled in rich broth medium, divided into 
1 ml-aliquots and cryopreserved. The cDNA library screening 
was performed according to our previous protocol (38).

Co-immunoprecipitation (Co-IP). The oRF of Flot2 was 
cloned into a BamHI- and NotI-digested peF1/myc-His B 

vector (Invitrogen), which is a 6.2-kb expression vector used to 
overexpress recombinant protein. pFlag-CMV-3 (Sigma, 
Rockford, IL, uSA) is a 6.2-kb expression vector transiently or 
stably expressed in mammals, in which the N-terminal Flag 
can form fusion protein with a correctly inserted oRF. The 
oRF of PLCD3 was amplified from 5-8F cDNA by PCR using 
the sense primer (5'-CAAGCTTATGCTGTGCGGCCGC 
TGGA-3') and the antisense primer (5'-CGGATCCTCAGGA 
gCgCTggATgCggAT-3'), and then subcloned into pFlag-
CMV-3. Then, peF1/myc-His-Flot2 and pFlag-CMV-PLCD3 
were transfected into 293T cells with Lipofectamine 2000Tm 
(Invitrogen). All experiments were performed according to a 
previously published protocol (38). Anti-Flag (Sigma) was 
used for immunoprecipitation. Anti-His (ProteinTech, Wuhan, 
China) was used for immunoblotting.

siRNA treatment. Cells were transfected with RNAimax 
(Invitrogen) and PLCD3 siRNA or control siRNA was synthe-
sised by RiboBio Co. (Guangzhou, China). The siRNA 
complex was formed in Opti I medium (Invitrogen) following 
the manufacturer's recommendations. The optimal concentra-
tions tested to effectively reduce expression of PLCD3 24 h 
after seeding 2x105 cells in 60-mm dishes were 7.5 pmol 
siRNA and 5 µl of RNAimax/1 ml of growth medium. Human 
PLCD3 siRNA and control siRNA were purchased from 
RiboBio Co. The siRNA sequences are as follows: si-1, 
g gATgA AC T CAg CCA AC T;  s i -2 ,  g CCCAC T 
ACTTCATCTCTT; and si-3, ggAgCCCgTCATCTATCAT. 
In our experiments, si-1 and si-2 were most effective on 
suppressing PLCD3 expression.

Real-time qPCR. Real-time qPCR was performed as previ-
ously described (39,40). Briefly, 48 h after treatment, each 
60-mm dish of monolayer cells was washed twice with 
2 ml D-Hank's solution. Then, total RNA was isolated. 
qPCR reactions were performed as previously described. 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was 
used as an internal control. PLCD3 was amplified using the 
forward primer (5'-CAAGCTTATGCTGTGCGGCCGCT 
GGA-3') and the reverse primer (5'-CGGATCCTCAGGAG 
CGCTGGATGCGGAT-3'). This experiment was indepen-
dently repeated three times.

Western blot analysis. Western blotting was performed 
according to a previous protocol (2). Rabbit polyclonal 
anti-PLCD3, anti-mmP2, anti-mmP9, anti-Snai1, anti-E-
cadherin, anti-vimentin, anti-N-cadherin and anti-Flot2 
were purchased from ProteinTech. mouse anti-β-actin 
was purchased from Sigma. Rabbit anti-mouse IgG was 
purchased from Abcam (1:40,000; Cambridge, MA, uSA). 
Quantification of signal intensity [integral optical density 
(IOD)] was performed with Gel-Pro Analyzer software 
(version 4.0). Expression changes in protein levels were 
assessed by IOD, and the intensity was normalised to the 
β-actin signal. This experiment was independently repeated 
three times.

Colony formation assay. Twenty-four hours after treatment, 
the transfected cells were digested with trypsin and seeded 
in 60-mm dishes at 1,000 cells/well. Colony formation assays 
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were performed according to a published manual (41). The 
data are expressed as the means ± SD of colony numbers. This 
experiment was independently repeated three times.

In vitro cell proliferation assay. Twenty-four hours after treat-
ment, the transfected cells were digested with trypsin and 
seeded in 96-well dishes at 3,000 cells/well. mTT assays were 
performed to assess the effect of PLCD3 on 5-8F proliferation 
in accordance with a published protocol (42). The experiment 
was independently repeated three times.

Fluorescence-activated cell sorting (FACS). Twenty-four to 
forty-eight hours after treatment, the transfected cells were 
digested with trypsin, and then, FACS analysis was performed 
as previously described (43). The experiment was indepen-
dently repeated three times.

Matrigel invasion assay. Twenty-four hours after treatment, 
matrigel invasion assays were performed according to a 
published protocol (8). The experiment was independently 
repeated three times.

Wound healing assay. Forty-eight hours after treatment, wound 
healing assays were performed according to a previous protocol 
(43). The experiment was independently repeated three times.

Statistical analysis. Statistical analyses were executed using 
SPSS version 18.0 statistical software (SPSS, Inc., Chicago, 
IL, uSA). Differences were analysed using Student's t-test. A 
P-value ≤0.05 was indicative of statistical significance.

Results

No autonomous activity and toxicity of the pGBKT7-
Flot2 yeast bait vector. Y2Hgold yeast cells transfected 
with pgBKT7-Flot2 were plated on SD/-Trp/X-α-Gal, 
SD/-His/-Trp/X-α-Gal or SD/-Ade/-Trp/X-α-Gal for 
3-5 days. pgBKT7-Flot2-Y2Hgold yeast can proliferate on 
SD/-Trp/X-α-gal (Fig. 1A, below), but not on SD/-His/-Trp/X-
α-gal (Fig. 1A, upper left) or SD/-Ade/-Trp/X-α-gal (Fig. 1A, 
upper right), suggesting the lack of autonomous activity of the 
yeast bait vector in the tested yeast. Y2Hgold yeast transfected 
with pgBKT7-Flot2 or pgBKT7-BD were individually plated 
on SD/-Trp plates. No obvious differences in the growth rate 
and colony size were noted between these two groups (Fig. 1B). 
The results above demonstrate that the Y2H system could be 
used in the following experiments.

Four candidate Flot2-interacting proteins are identified. The 
quality of the 5-8F cDNA library was verified by calculating 
the titre of the library (Fig. 1C). In total, 65 positive candidate 
clones were observed on QDO (SD/-Ade/-His/-Leu/-Trp) 
plates (Fig. 1D, upper panel), and 32 positive clones with blue 
colour appeared on SD/-Ade/-His/-Leu/-Trp/ABA/X-α-Gal 
plates (Fig. 1D, lower panel). The positive candidate clones were 
amplified. The plasmids were extracted, and the target cDNAs 
were sequenced. Finally, five candidate Flot2-interacting 
proteins were obtained (Table I), including Copine-II PCDH7, 
PCBP1, PTPRJ and PLCD3. After further co-transfection 
experiments, only PCDH7, PCBP1, PTPRJ and PLCD3 
proteins were confirmed to interact with Flot2. only yeasts 

Figure 1. Detection of the autonomous activation and toxicity of the Y2H system and screening of the interaction proteins of Flot2. (A) No autonomous activa-
tion was detected since Y2H gold yeast transfected with pgBKT7-Flot2 was able to proliferate on SD/-Trp/X-α-Gal (below), but not on SD/-His/-Trp/X-α-Gal 
(upper left) or SD/-Ade/-Trp/X-α-Gal (upper right). (B) No toxicity was detected given no obvious differences in growth rate and colony size between the 
pgBKT7-Flot2-Y2Hgold (left panel) and the pgBKT7-BD-Y2Hgold group (right panel). (C) The quality of the 5-8F cDNA library was verified by calculating 
the titre of the library (left panel 1:1; right panel 1:100). (D) Sixty-five positive clones were obtained on QDo plates (upper panel), and 32 clones exhibited blue 
colour (lower panel). (e and F) Yeast co-transfected with the pgBKT7-Flot2 vector and any of the four pgADT7-candidate vectors was able to grow on QDo 
plates (E), and further proliferate and appear blue when transferred to SD/-Ade/-His/-Leu/-Trp/ABA/X-α-gal plates. (F) Yeast transfected with pgBKT7-BD 
and pgADT7-candidate vectors were not able to grow on QDo plates.
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transfected with pgBKT7-Flot2 and pgADT7-candidate 
vectors encoding PCDH7, PCBP1, PTPRJ and PLCD3 was able 
to grow on QDO plates, and further proliferate and appear blue 
when grown on SD/-Ade/-His/-Leu/-Trp/ABA/X-α-Gal plates, 
whereas yeasts transfected with pgBKT7-BD and pgADT7-
Copine-II vectors could not (Fig. 1e and F), indicating that 
these four candidate proteins interact with Flot2.

Interaction between Flot2 and PLCD3 is further confirmed 
by Co-IP. To further verify the interaction between Flot2 and 
PLCD3, a mammal expression plasmid encoding His-Flot2 
(oRF) and a plasmid encoding Flag-PLCD3 were co-transfected 
into HEK-293T cells. The lysates were immunoprecipitated 
with anti-Flag antibody, and then immunoblotted with an anti-
His antibody. The His tag could be detected (Fig. 2), which 
confirmed the interaction between PLCD3 and Flot2.

PLCD3 expression is silenced in 5-8F cells by siRNA trans-
fection. To verify the knockdown efficiency after transfection 
with PLCD3 siRNAs (si-1 or si-2), total RNA and protein of 
5-8F cells were extracted at 24 and 48 h after treatment, sepa-
rately. Then, qPCR and western blotting were performed. As 
shown in Fig. 3A and B, the knockdown efficiency of PLCD3 
mRNA was ~80%, and that of PLCD3 protein was ~50-60%.

5-8F cell proliferation is inhibited by PLCD3 silencing. 
mTT assay results showed that the proliferation rate of the 
5-8F cells transfected with si-1 and si-2 was significantly 
decreased compared with the control group (Fig. 4). The 
results demonstrated that downregulation of PLCD3 inhibited 
the proliferation of 5-8F cells.

Figure 2. Identification of the interaction between Flot2 and PLCD3 by co-
immunoprecipitation (Co-IP). pFlag-PLCD3 and pHis-Flot2 vectors were 
co-transfected into 293T cells. Thirty-six hours after transfection, the lysates 
were incubated with the anti-Flag antibody, and then detected using the anti-
His antibody.

Table. I. BLAST results of positive clones in the Yeast two-hybrid analysis.

Protein no. Protein name gene NCBI protein accession no. Max identify (%)

1 CPNe2 Copine-II XP_003823796 99
2 Protocadherin-7 PCDH7 XP_006184446 99
3 Poly(C)-binding protein 1 PCBP1 XP_003922705 100
4 PTPRJ protein PTPRJ AAH63417 100
5 PLCD3 protein, partial PLCD3 AAH10668 99

Figure 3. Knockdown of PLCD3 in 5-8F cells by siRNA. (A) qPCR detected 
reduced PLCD3 mRNA levels in 5-8F cells after transfection with PLCD3 
siRNA. (B) Western blot analysis detected reduced PLCD3 protein level 
in 5-8F cells after transfection with siRNA; ***P<0.001 compared with the 
control group.

Figure 4. effect of PLCD3 downregulation on 5-8F cell proliferation. growth 
curves of 5-8F cells were assessed after transfection with PLCD3 siRNA or 
control scramble RNA. The optical density (OD) at 595 nm was measured at 
the same time every day; ***P<0.001 compared with the control group.



ONCOLOGY REPORTS  39:  45-52,  2018 49

PLCD3 silencing inhibits the colony formation ability of 5-8F 
cells. The colony formation ability of 5-8F cells after transfec-
tion with PLCD3 siRNA was detected by colony formation 
assay. Six days after transfection with PLCD3 siRNA, as 
shown in Fig. 5, the number of colonies that formed in the si-1 
and si-2 groups were significantly reduced compared with this 
number noted in the control group.

PLCD3 silencing suppresses 5-8F cell migration. The migra-
tion of 5-8F cells after transfection with PLCD3 siRNA was 
detected by wound healing assays. Twenty-four to forty-eight 
hours after treatment, the migration was measured. As shown 
in Fig. 6A, the relative blank areas in the si-1 and si-2 groups 
were larger compared with the control group. Statistical anal-
ysis showed that transfection with si-1 and si-2 significantly 
inhibited 5-8F cell migration (Fig. 6B)

PLCD3 silencing impairs the invasive ability of 5-8F cells. The 
invasive ability of 5-8F cells after transfection with siRNA was 
detected by Matrigel invasion assay. Forty-eight hours after 
treatment, the number of cells passing through the matrigel 
was counted. As shown in Fig. 7, the number of cells passing 
through the matrigel in the si-1 and si-2 groups was obviously 
decreased compared with the control group. Statistical analysis 
revealed that transfection with si-1 and si-2 significantly inhib-
ited the invasive ability of the 5-8F cells (Fig. 7B).

PLCD3 silencing influences the cell cycle of 5-8F cells. 
The cell cycle of 5-8F cells after transfection with siRNA 
was detected by FACS (Fig. 8A). Compared with the control 
group, the number of cells in the G2/m phase was increased 
significantly, and those in S and g1 phase were decreased in 
the si-1 group. Compared with the control group, the number 

Figure 6. effect of PLCD3 downregulation on 5-8F cell migration. (A) Migration of 5-8F cells was measured 24 and 48 h after transfection with PLCD3 siRNA 
or control RNA. (B) Migration (relative blank area) was analysed by statistical software; ***P<0.001 compared with the control group.

Figure 5. effect of PLCD3 downregulation on 5-8F cell colony formation. (A) Colonies formed in 5-8F cells after transfection with PLCD3 siRNA or control 
RNA. (B) Colony numbers were analysed by statistical software; ***P<0.001 compared with the control group.
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of cells in the g2/M phase was significantly increased. The 
number of S phase cells was decreased, and the number 
of G1 phase cells was not significantly altered in the si-2 
group (Fig. 8B).

PLCD3 silencing influences the expression of Flot2 and 
several proteins related to EMT and invasion. We found 
that the invasion and migration ability of the 5-8F cells was 
inhibited after silencing of PLCD3, thus we detected the 
expression of several proteins related to EmT and invasion 
including mmP2, mmP9, Snai1, E-cadherin, N-cadherin 

and vimentin. At the same time, we detected the expression 
of the interaction protein Flot2. After silencing the expression 
of PLCD3, the expression levels of mmP2, mmP9, Snai1, 
vimentin, N-cadherin were decreased, and the expression level 
of e-cadherin was increased. However, the expression of Flot2 
was not significantly altered (Fig. 9).

Discussion

In the present study, we found that PLCD3 interacts with 
Flot2. Flot2 is highly expressed and associated with tumour 

Figure 8. effect of PLCD3 downregulation on the cell cycle distribution in 5-8F cells. (A) The effect of PLCD3 knockdown on the cell cycle in 5-8F cells was 
analysed by flow cytometry. (B) The proportion of cells in each cell cycle was analysed by statistical software; ***P<0.001, **P<0.01 compared with the control 
group, in which 5-8F cells were transfected with control siRNA.

Figure 7. effect of PLCD3 downregulation on 5-8F cell invasion. (A) Number of invaded cells was counted 48 h after transfection with PLCD3 siRNA or 
control RNA. (B) Number of invaded cells was analysed by statistical software; ***P<0.001 compared with the control group.
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progression and metastasis in a variety of tumours (8,44-53), 
suggesting that it may be an independent diagnostic marker and 
potential therapeutic target. Our previous research revealed 
that downregulation of Flot2 in 5-8F cells led to reductions in 
colony formation, proliferation, migration and invasion; and 
inhibited cell cycle progression. In addition, it is associated 
with NPC metastasis (8).

Phosphoinositide-specific phospholipase C (PLC) catalyses 
phosphatidylinositol 4,5-bisphosphate (PIP2) into two second 
messengers, which play important roles in cell movement, growth 
and diseases. To date, the roles of PLC in the progression of cancers 
have rarely been investigated. PLC-γ1 may play a role in cancer cell 
invasion, metastasis and breast tumour formation (27,28). PLC-δ1 
and PLC-ε are regarded as tumour suppressors (32-35), whereas 
PLC-β3 is associated with lymphomas and other tumours, such 
as myeloid malignancies (37). PLCD3 plays important roles in 
numerous biological processes, such as survival of cardiomyo-
cytes and trophoblasts, maintaining normal heart function and 
promoting neurite expansion (54-56). Studies concerning the 
roles of PLCD3 in tumours are rare. To the best of our knowledge, 
there is only one study demonstrating that PLCD3 can promote 
the proliferation and migration of neoplastic mammary epithelial 
cells (57). The role of PLCD3 in NPC has not been studied to 
date. Thus, we ascertained whether PLCD3 plays a certain role 
in NPC. In the present study, PLCD3 silencing in 5-8F cells by 
siRNA inhibited colony formation, proliferation, migration and 
invasion and blocked cell cycle progression. These results are 
consistent with previous findings.

We also analysed the effects of PLCD3 silencing on the 
expression of several proteins related to EmT and invasion 
including mmP2, mmP9, Snai1, E-cadherin, N-cadherin 
and vimentin. After silencing the expression of PLCD3, the 
expression levels of mmP2, mmP9, Snai1, vimentin and 
N-cadherin were apparently decreased, and the expression 
level of E-cadherin was apparently increased, which is in 
accordance with our previous study on Flot2 (8).

In conclusion, we first discovered the interaction between 
Flot2 and PLCD3 using the Y2H system and verified this 
interaction by co-immunoprecipitation. The roles of PLCD3 in 

promoting proliferation, migration, and invasion of NPC cells 
were also demonstrated by silencing its expression with siRNAs. 
Flot2 plays an important role in the progression of NPC, which 
may be partially related to its interaction with PLCD3.
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