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Lentivirus-Mediated knockdown of tectonic family
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Abstract: Tectonic family member 1 (TCTN1) encodes a member of the tectonic family which are evolutionarily
conserved secreted and transmembrane proteins, involving in a diverse variety of developmental processes. It has
been demonstrated that tectonics expressed in regions that participate in Hedgehog (Hh) signaling during mouse
embryonic development and was imperative for Hh-mediated patterning of the ventral neural tube. However, the ex-
pression and regulation of tectonics in human tumor is still not clear. In this study, shRNA-expressing lentivirus was
constructed to knockdown TCTN1 in medulloblastoma cell line Daoy. The results showed that knockdown of TCTN1
inhibited cell proliferation and colony formation in Daoy cell line, also caused cell cycle arrest at the G2/M boundary.
Taken all together, our data suggest that TCTN1 might play an important role in the progression of medulloblastoma.
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Introduction

Medulloblastoma (MB) is one of the most com-
mon intracranial malignant tumors in children,
which is considered to be of neuroectodermal
origin and has a propensity to disseminate
throughout the central nervous system. Medu-
lloblastoma is diagnosed in approximately 1 in
200,000 children less than 15 years old each
year [1]. Although aggressive chemotherapy
after craniospinal radiotherapy and stem-cell
rescue have drastically improved survival rates
in children with newly diagnosed MB, a consid-
erable segment of patients are currently incur-
able [2]. In addition, the majority of survivors
always suffer from long-term treatment-
related side effects, including developmental,
neurological, neuroendocrine and psychosocial
deficits resulting from radiation therapy and
high-dose of chemotherapy [3-5]. Considerable
progress has been made in the treatment of
MB over the past 90 years; unfortunately, the
pathogenesis of MB is not entirely understood.

The current consensus support the existence
of four main subgroups of medulloblastoma

(Wnt, Shh, Group 3, and Group 4) [6-8]. These
four subgroups vary extremely in cytogenetics,
mutational spectra and gene expression sigha-
ture [9, 10], apart from disparate clinical ph-
enotypes [11]. Up until very recently, a small
fraction of genes are identified as recurrently
mutated either in the germline or somatic cell in
patients with medulloblastoma, including the
tumor suppressor genes PTCH1, SUFU, TP53
and the oncogenes CTNNB1, MYC, and SMO
[12]. The wingless (WNT) pathway coordinates
a diverse array of developmental processes,
including the proliferation and fate of neural
progenitor cells. Mutations in proteins on the
WNT pathway occur in about 15% of sporadic
medulloblastomas [13-16]. The SHH pathway
has also been implicated in the development
of sporadic and heritable forms of medulloblas-
toma [17]. There is evidence that aberrant
expression of ERBB2 in granule-neuron precur-
sor cells of the cerebellum might have a role in
medulloblastoma formation [18]. It has been
lately demonstrated miRNA-31 suppresses
medulloblastoma tumorigenesis by negatively
regulating DNA replication via MCM2 [19].
Generally, mutations in these tumor suppres-
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sors as well as aberrant activation of onco-
genes and the 17-92 clusters of microRNAs
have been linked to the aetiology of medullo-
blastoma. Recent studies show that epigenetic
alterations and aberrant expression of genes
controlling epigenetic mechanisms have been
identified in medulloblastoma [20-22]. In spite
of these striking progress, the confirmed genes
only account for a small portion of targets for all
genetic damage that result in medulloblasto-
mas [1]. The precise mechanisms underlying
the pathogenesis of MB are still ambiguous,
and the development of effective therapeutic
strategies for MB is undoubtedly urgent.
Therefore, identifying the crucial molecules
and/or signal transduction pathways that
regulate medulloblastoma carcinogenesis is
extremely impending.

Tectonic family member 1 (TCTN1) is a member
of the tectonic family which are evolutionarily
conserved secreted and transmembrane pro-
teins. A large amount of gene families of secret-
ed and transmembrane proteins related by
homology play pivotal roles in crucial biological
processes including morphogenesis, cellular
differentiation, angiogenesis, apoptosis, and
modulation of the immune response, as well as
disease processes such as non-Hodgkin’s lym-
phoma and breast carcinoma progression [23].
Recent studies find tectonic 1 is essential for
ciliogenesis in some, but not all, tissues. TCTN1
forms a membrane-spanning transition zone
complex with multiple ciliopathy proteins asso-
ciated with Meckel and Joubert syndromes.
This tectonic complex controls ciliogenesis and
ciliary protein composition and a mutation in
TCTN1 gives rise to Joubert syndrome [24]. In
addition, it has been reported that during
neural tube development, mouse tectonic is
required for formation of the most ventral
cell types and for full Hedgehog (Hh) pathway
activation. It functions downstream of smooth-
ened and rab23 to modulate hedgehog signal
transduction [25]. Genomic database searches
identify two other mammalian tectonic family
members, Tect2 and Tect3, which are 49%
and 58% similar to Tectl, respectively [25].
Tectonics participate in a variety of develop-
mental processes, and are shown to regulate
SHH signaling. TCTN17- and TCTN27" mouse
exhibit neural tube defect and polydactyly [25,
26]. No TCTN3 mouse model is reported as yet,
but TCTN3 is indicated to form a complex with
multiple ciliary proteins colocalizing at the tran-
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sition zone, including TCTN1, TCTN2, and all
known MKS proteins except RPGRIP1L [24].
Furthermore, studies have shown TCTN3
involves in the regulation of the key SHH signal-
ing pathway and that its disruption brings about
a severe form of ciliopathy, combining features
of Meckel and Orofaciodigital IV syndromes
[27].

In this study, we had investigated the function
of TCTN1 in medulloblastoma growth and
progression. Our findings manifested that
decreased expression of TCTN1 restrained the
proliferation of medulloblastoma cell. Moreover,
our study indicated that TCTN1 was implicated
in the regulation of cell cycle. In conclusion,
TCTN1 may play a significant part in medullo-
blastoma tumorgenesis.

Materials and methods

Cell culture medium MEME and DMEM were
purchased from Sigma (St. Louis, MO) and
Hyclone, respectively. Fetal bovine serum was
from Biowest (France). Lipofectamine 2000
was from Invitrogen. For Western blotting, we
used primary antibodies to: TCTN1 from Sigma
(St. Louis, MO); GAPDH from Proteintech
Group, Inc. HRP-linked secondary antibody was
obtained from Santa Cruz Biotechnology (Santa
Cruz, CA).

Cell culture

Human medulloblastoma cell line Daoy and
human embryonic kidney cell line 293T
(HEK293T) were obtained from the Cell Bank
of Chinese Academy of Sciences (Shanghai,
China). Daoy cells were cultured in M5650
medium (Sigma, USA) with 1% L-glutamine.
HEK293T cells were cultured with Dulbecco’s
modified Eagle’s medium (DMEM, Hyclone,
USA). All the culture fluid was supplemented
with 10% fetal bovine serum (FBS) and all cells
were cultured with 5% CO, at 37°C in a humidi-
fied chamber.

Construction of recombinant lentivirus and
gene silencing

shRNA for TCTN1 (5-GCTCAGATGCATCAGTTCC-
TTCTCGAGAAGGAACTGATGCATCTGAGCTTTTTT-
3, NM_001082537.2) was inserted into the
lentiviral expression vector pFH-L (Shanghai
Hollybio, China) which contains a green fluores-
cent protein (GFP) gene as a reporter gene.
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Non-silencing shRNA (5-GCGGAGGGTTTGAA-
AGAATATCTCGAGATATTCTTTCAAACCCTCCGTTT-
TTT-3’) was used as control. We generated shR-
NAs corresponding to shRNA sequences for
TCTN1 and non-silencing. Recombinant lentivi-
rus was generated by triple transfection of 80%
confluent HEK293T cells with modified pFH-L
vector and packing plasmids pVSVG-l and
pCMVARS8.92 (Shanghai Hollybio, China) using
Lipofectamine 2000 (Invitrogen) according to
the manufacturer’'s recommendation. For lenti-
virus infection, Daoy cells (5x10* cells per well)
were seeded into 6-well plates and transfected
with TCTN1 shRNA (Lv-shTCTN1) or control
shRNA (shCon) expressing lentivirus at a multi-
plicity of infection (MOI) of 25. Lentiviruses
were harvested in serum-free medium after 4
days, filtered, and concentrated in primed
Centricon Plus-20 filter devices (Millipore).

RNA extraction and real-time quantitative PCR

Total RNA was prepared from cultured Daoy
cells after 4 days infection using Trizol (Gibco,
USA). 5 ug of total RNA was reverse transcribed
to cDNA with the use of SuperScript Il RT 200
U/ul (Invitrogen). The SYBR green-based real
time reverse transcription-polymerase chain
reaction (RT-PCR) assay was used to determine
the mRNA level of TCTN1 in infected Daoy cells
(reaction system: 2x SYBR premix ex taq 10 pL,
forward and reverse primers (2.5 yM) 0.8 L,
cDNA 5 pL, ddH,0 4.2 pL). After initial denatur-
ation at 95°C for 1 min, a total of 40 cycles
(denaturation 95°C, 5 s; annealing extension of
60°C, 20 s) was carried out. Receiver operating
characteristic (ROC) analysis was used to select
the optimal cut-off point for statistical analysis.
ACTIN was applied as the input reference.
The PCR primers were as following: TCTN1:
CCTTTGCGTGAATGTTGTTC as forward and
AGAGGGACTGGCTGGGTATT as reverse; ACTIN:
GTGGACATCCGCAAAGAC as forward and AAA-
GGGTGTAACGCAACTA as reverse. Results are
presented as CTvaIues, defined as the thresh-
old PCR cycle number at which an amplified
product is first detected. The average C, was
calculated for both TCTN1 and ACTIN, and AC,
was determined as the mean of the triplicate C,
values for CTCN1 minus the mean of the tripli-
cate C, values for ACTIN.

Western blot analysis

Dayo cells were harvested and lysed with 2X
SDS sample buffer (100 mM Tris-HCI (pH 6.8),
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10 mM EDTA, 4% SDS, 10% Glycine) on ice for
30 min. The lysates were clarified by centrifuga-
tion at 13,000 g for 15min at 4°C. Proteins
were quantified using the BCA protein assay kit.
After protein quantification and normalization,
equivalent amounts of proteins (60 ug) were
electrophoresed on 10% SDS-PAGE gels and
transferred to PVDF membranes (Millipore,
Bedford, MA). After blocking with 5% nonfat
milk in TBST for 1 h at room temperature,
membranes were immunoblotted with primary
antibodies at 4°C overnight, followed by HRP-
linked secondary antibodies. The signals were
detected using the ECL system (Millipore,
Billerica, WI, USA). Protein levels were normal-
ized to GAPDH. The following antibodies were
used: TCTN1 (1:2000 dilution; sigma SAB35-
00518), GAPDH (1:40000 dilution; Proteintech
Group, Inc. 10494-1-AP), anti-rabbit HRP
(1:5000 dilution; Santa Cruz SC-2054).

Cell survival analysis

Daoy cells from different groups were seeded
at a density of 2500 cells/well in 96-well plates.
At predetermined time, MTT was added into
each well and then acidic isopropanol (10%
SDS, 5% isopropanol and 0.01 mol/L HCI) was
added to stop the reaction. Absorbance was
measured with an ELISA reader at a wavelength
of 595 nm. Viability of cells was expressed rela-
tive to theoretical absorbance.

Colony formation assay

To assay monolayer colony formation, Daoy
cells were plated at 500 cells per well in a
6-well plate, allowed to adhere overnight. After
9 days of incubation, the cells were stained
with 0.2% crystal violet after methanol fixation,
and the numbers of colonies containing more
than 50 cells were counted.

Cell cycle analysis

After 4 days of infection, Daoy cells were seed-
ed on 6 cm-diameter plates at density of 2x10°
cells per dish and then cultured for 40 h. Cells
were covered at a cell confluence of 80%. After
washing with ice-cold PBS, cells were suspend-
ed in about 0.5 ml of 70% alcohol and kept at
4°C for 30 min. The suspension was filtered
through a 50-mm nylon mesh, and the DNA
content of stained nuclei with Pl was analyzed
by a flow cytometer. Each experiment was per-
formed in triplicate.
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Figure 1. Depletion of TCTN1 expression mediated by lentivirus. (A) Representative images of Daoy cells infected
with indicated lentivirus. Efficiency of lentivirus infection was evidenced by reporter gene GFP expression. Scale
bar represented 100 uym. (B) Total RNA was extracted and TCTN1 mRNA level was measured with real-time PCR
in different groups of Daoy cells. Histogram represented the average value of three independent experiments
(***P<0.001), and (C) protein levels were detected by Western blot analysis, GAPDH was used as loading control.

Statistical analysis

Each experiment was repeated independently
three times. The results were given as a mean
+ standard deviation (SD) and compared using
the unpaired t-test or ANOVA followed by the
Bonferroni post-test using Graph Pad InStat
v3.02 software. Results with P<0.05 were con-
sidered statistically significant.

Results

Inhibition of TCTN1 expression mediated by
lentivirus

Daoy, a main representative cell lines, is widely

used in studies of medulloblastoma [28]. To
investigate the role of TCTN1 in the progres-
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sion of medulloblastoma, we constructed a
recombinant lentivirus to silence the expres-
sion of the target gene in Daoy cell lines. The
rate of lentivirus infection was highly effective
as visualized by GFP expression 4 days after
infection (Figure 1A). TCTN1 mRNA expression
was then measured with real-time PCR. As
shown in Figure 1B, the expression of endoge-
nous TCTN1 mRNA was remarkably reduced in
Lv-shTCTN1 group. Further confirmation was
demonstrated by Western blot analysis, verify-
ing that TCTN1 protein reduced notably follow-
ing TCTN1 knockdown treatment (Figure 1C).
The results demonstrated that expression of
TCTN1 in Daoy cell was evidently inhibited by
recombinant lentivirus mediated RNA interfer-
ence.
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Figure 2. Knockdown of TCTN1 inhibits Daoy cells proliferation and colony formation. A. Different groups of Daoy cells were treated for 4 days and proliferation
was determined by MTT assay. Statistical plots represent three independent cell proliferation assays (***P<0.0001). B. Photographs of plates and representative
colonies stained with crystal violet were shown. Scale bar represented 250 um. C. Suppression of TCTN1 inhibited colony forming ability. Histogram was the average
number of colonies in each plate (***P<0.0001).
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Figure 3. Downregulation of TCTN1 impaired cell cycle progression and induced apoptosis in Daoy cells. A. Differ-
ent groups of Daoy cells were harvested after treatment and subjected to fluorescence activated cell sorter (FACS)
analysis. B. Statistical representation of data of three independent experiments from flow cytometry analysis. The
percentages of GO/G1, S, G2/M phase cells were indicated. C. The percentage of Daoy cells in sub-G1 phase was
significantly higher in Lv-TCTN1 group than that in control groups (**P<0.01, ***P<0.001).

Suppression of TCTN1 gene inhibits prolifera-
tion of Daoy cells

To illuminate whether TCTN1 play a crucial part
in medulloblastoma proliferation and tumori-
genesis, the growth of lentivirus infected Daoy
cells was first examined by MTT assay. As
shown in Figure 2A, the growth curves for
TCTN1 knockdown cells were dramatically
lower than those for control cells (P<0.001),
indicating that TCTN1 was potentially involved
in Daoy cell proliferation. In addition, images
recorded under a fluorescence microscope
after crystal violet staining and photographs of
plates vividly declared the suppression of colo-
ny formation in Lv-shTCTN1 group (Figure 2B).
Furthermore, monolayer colony formation
assay revealed the number of surviving colo-
nies in TCTN1 knockdown group were signifi-
cantly decreased compared to those in nega-
tive control group (95 + 9 vs O + 1, P<0.01)
(Figure 2C). In conclusion, our data strongly
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suggest that TCTN1 is prerequisite for Daoy cell
growth and proliferation.

TCTN1 depletion impaired cell cycle distribu-
tion of Daoy cells

To further explore the mechanism by which
TCTN1 downregulation suppressed Daoy cell
proliferation, the cell cycle progression during
Daoy cell proliferation was subsequently
detected by flow cytometry (Figure 3A). As illus-
trated in Figure 3B, a significantly reduced ratio
of Daoy cells treatment with Lv-shTCTN1 was
observed in the S phase in comparison with
those in Con or shCon group (P<0.001). More
intriguingly, we found that percentage of cells
from Lv-shTCTN1 group in G2/M phase dramat-
ically augmented, indicating that cell cycle was
blocked in G2/M phase when TCTN1 was
silenced in Daoy cells (P<0.01). Additionally, we
examined the percentage of sub-G1 phase
cells which signified the occurrence of apopto-
sis and found that downregulation of TCTN1 in
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Daoy cells caused a remarkable increase in the
number of cells in sub-G1 phase. Taken all
together, our data implies that TCTN1 may regu-
late Daoy cell proliferation by controlling cell
cycle progression and inducing apoptosis.

Discussion

Tectonic is a novel gene which is identified
through a screen for genes encoding secreted
and transmembrane proteins [25]. Secreted
and transmembrane proteins play a fundamen-
tal role in intercellular communication during
the development of multicellular organisms. A
large number of genes encoding these proteins
involved in cell-cell contact and signaling in the
development of organisms [29]. A mountain of
work has been done in identifying these genes
and elucidating their possible function [29, 30].
Up to now, tectonic family members contain
Tectl, Tect2 and Tect3. TCTN2 absence would
cause neural tube defect and polydactyly and
TCTN3 is involved in the regulation of the key
SHH signaling pathway in vivo. Researches on
TCTN1 are rare. TCTN1 is involved in the devel-
opment of neural tube and it affects down-
stream of smoothened and rab23 to regulate
hedgehog signal transduction. However, its
function in human tumorigenesis has not been
reported.

In the present study, we found that TCTN1 was
implicated in medulloblastoma progression
and it was essential for medulloblastoma cells
proliferation. We demonstrated for the first
time that knockdown of endogenous TCTN1
expression could inhibit growth and prolifera-
tion of Daoy cells by inducing cell cycle arrest
and apoptosis. A series of evidence have dem-
onstrated that constitutively activated STAT3
serves as a crucial role in medulloblastoma
tumorigenesis by controlling the expression of
target genes, which can protect apoptosis and
enhance cell proliferation [31]. Accordingly,
whether TCTN1 involves in STAT3 signaling net-
work in medulloblastoma tumorigenesis is a
question worth exploring. In addition, Studies
have shown the IGF-1R/PI3K pathway impairs
cell proliferation and survival in subsets of
medulloblastoma [32]. The receptor tyrosine
kinase (RTK)/phosphoinositide 3-kinase (PI3K)
pathway is fundamental for cancer cell pro-
liferation and is known to be frequently altered
and activated in neoplasia. Therefore, it is
intriguing to think that there is a link between
the activated RTK/PI3K/mTOR signaling and
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the mechanism underlying TCTN1 induction of
medulloblastoma cells proliferation. The apop-
tosis is a normal and programmed cell death
and is a clearing means of abnormal cells or
senescent cells. Inducing the apoptosis of
tumor cells is one of the most important strat-
egy to discover anti-tumor drugs based on
apoptosis mechanism [33]. It has been report-
ed that BMP-2 mediates retinoid-induced apop-
tosis in medulloblastoma cells through a para-
crine effect [34]. TCTN1 can inhibit apoptosis
and promote proliferation of medulloblastoma
cells obviously, and it may be a potential anti-
cancer molecular target. Furthermore, the SHH
pathway which could be regulated by TCTN3
has also been implicated in the development of
medulloblastoma, suggesting that TCTN1 might
modulate medulloblastoma cell growth through
SHH signaling pathway.

In conclusion, we demonstrated that knock-
down of TCTN1 could inhibit the proliferation of
Daoy cells by inducing cell cycle arrest and
apoptosis. Since TCTN1 is a secreted protein,
developing a neutralizing antibody that sup-
presses its protease activity should be highly
feasible. There is a great possibility that TCTN1
is involved in other signaling pathways to regu-
late medulloblastoma cells progression in vitro
or vivo. Thus, insight into the anticancer role of
TCTN1 may open a new avenue for the develop-
ment of medulloblastoma therapies.
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