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CHAPTER 6

TCTN2: a novel tumor marker with oncogenic properties 
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Abstract
Tectonic family member 2 (TCTN2) encodes a transmembrane protein that belongs to the tectonic fa-
mily, which is involved in ciliary functions. Previous studies have demonstrated the role of tectonics in 
regulating a variety of signaling pathways at the transition zone of cilia. However, the role of tectonics 
in cancer is still unclear. Here we identify that TCTN2 is overexpressed in colorectal, lung and ovary 
cancers. We show that different cancer cell lines express the protein that localizes at the plasma mem-
brane, facing the intracellular milieu. TCTN2 over-expression in cancer cells resulted in an increased 
ability to form colonies in an anchorage independent way. On the other hand, downregulation of TCTN2 
using targeted epigenetic editing in cancer cells significantly reduced colony formation and increases 
apoptosis. Taken together, our results indicate that TCTN2 acts as an oncogene, making it an interesting 
cancer-associated protein and a potential candidate for therapeutic applications. 

Introduction
Cilia are microtubule-based organelles extending from the cell surface, which play a pivotal role in eu-
karyotic biology. Primary (non-motile) cilia have an important mechanical and chemical sensory role sin-
ce they regulate several signal transduction pathways, including the Wnt, Hedgehog (Hh), Platelet-De-
rived Growth Factor Receptor alpha (PDGFRα) and mTOR signalling systems1–7. Primary cilia sense a 
wide variety of extracellular signals to control decisions regarding development, proliferation, differen-
tiation and tissue maintenance. Impairment of ciliary function results in a number of diseases, known 
as ciliopathies, such as polycystic kidney disease (PKD), Nephronophthisis (NPHP), Alström syndrome 
(ALS), Bardet-Biedl syndrome (BBS), Joubert syndrome (JBTS), Meckel-Grüber syndrome (MKS) and 
others8–10. In line with the role of cilia in several cellular functions and signalling pathways, recent studies 
have also highlighted the importance of cilia in the development of cancer. Alteration or loss of primary 
cilia has been correlated with cellular transformation and a and accumulating evidences indicate that 
cancer cells lacking cilia show a reduction or alteration in their response to extracellular signals that re-
gulate growth and differentiation11–13. Indeed, a number of critical cell signalling and adhesion molecules 
are clustered in the cilium, and require an intact cilium for normal function3,5,14. These include compo-
nents of the Shh and Wnt signalling pathways, whose activation/inactivation has been linked to several 
types of cancer. Effectively, ciliated tumours may have either active Hh or Wnt 12,15,16. On the other hand, 
disruption of sensory cilia leads to inhibition of tumorigenesis, due to inactivation of Hh signaling13,17.
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Within ciliary protein components, there are members of the tectonic family (TCTN1, TCTN2, TCTN3) 
that have been identified as important regulators of Wnt and Hh pathways. Mutations of the tecto-
nic proteins are associated to ciliary dysfunction that underlies several ciliopathies10,18. Tectonics form 
complexes with proteins that localizes to the ciliary transition zone, where they regulate ciliogenesis 
and ciliary membrane composition in a tissue-dependent manner19. Concerning the role of TCTNs 
in cancers, available information are limited to TCTN1, which has been described as an important 
regulator of proliferation and migration of cancer cells20. TCTN1 is also important to maintain active 
Hh signalling during neural tube development21. Tectonics could exert their activity in signal trans-
duction through their functional interaction with MKS1, a ciliary basal body protein that has a poten-
tial role in regulating both Wnt signalling, which regulates cell proliferation and its alteration causes 
different diseases, including cancer. MKS1 also acts upstream of Patched and influences Shh sig-
nalling. Loss of MKS1 causes a reduction in high-level Shh signaling1. In various types of tumour, 
mutation in Hedgehog signalling leads to hypoplasia, thereby inhibition of the Shh, one of the major 
components of the pathway, has been identified as a possible therapeutic strategy for gastric cancer.

In this study, we report for the first time the presence of TCTN2 in a significant percentage of co-
lorectal cancer (CRC) as well as lung and ovary cancers. Moreover we find the protein to be ex-
pressed at the level of the plasma membrane in cancer cell lines of different origins. By using 
a gene-targeting approach, we also show that inhibition of TCTN2 expression significantly 
affects clonal growth and increases cell apoptosis. Conversely, TCTN2 over-expression increa-
ses the clonogenic property of cancer cells. All these data together suggest that TCTN2 could be 
a novel oncogene and that it could be exploited as potential candidate for therapeutic applications. 

Materials and Methods 

Reagents and cell cultures. 
Unless specified, all reagents were obtained from 
Sigma. His-tagged recombinant NCO2 domains and 
polyclonal antibodies were generated in E.coli as 

described23, 24. Human cells were obtained from the ATCC collection and, unless differently stated, cultu-
red under ATCC recommended conditions. Cell culture media were from BioWhittaker (Walkerville, MD, 
USA). All cells were cultured at 37°C under 5% CO2.

Immunohistochemistry 
analysis. 
Tissue microarray production and immunohisto-
chemistry staining were performed essentially as 
previously described 23. Briefly, formalin-fixed, 
paraffin-embedded tissue blocks of colorectal can-
cer resections and normal samples were retrieved 
from the archives of the Institute of Pathology, Uni-
versity Hospital Basel and the Institute of Clinical 
Pathology Basel, Switzerland. Colorectal cancer 
and normal samples were arrayed in parallel on 
the same tissue microarray slides and analyzed 
simultaneously. One tissue cylinder with a diame-
ter of 0.6 mm was punched from morphologically 
representative tissue areas, mostly central tumor 
areas and rather away from the infiltratring tumor 
border. Clinicopathologic data from the correspon-
ding series of cancer cases were obtained from ar-
chived files (Tables 1 and Supplementary Table 1). 

6
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Concerning the scoring of TCTN2 protein staining, slides 
were screened semi-quantitatively for the percentage 
and the intensity of the signal. At least 100 cells were 
counted for each punch. Intensity of the signal was gra-
ded semi-quantitatively in 4 groups from 0 (no positivity) 
to 3 (strong positivity). A case was considered low posi-
tive if it showed a positive signal in 10 to 33% of cells, 
moderate positive in 33 to 66% and strong positive more 
than 66%. Negative control samples were prepared by 
using an irrelevant isotype control antibody and/or by 
omitting the primary antibody. We used an IHC scoring 
system based on a combined evaluation of the intensity 
of mAb staining (from 1 to 3) multiplied by the percen-
tage of positive cancer cells (from 1 to 100). The study 
was approved by the Human Research Ethic Commi-
ttee of University Hospital of Basel (Ethikkommission 
Nord-und Zentralschweiz, reference number EK 322/13). 

Cell transfection. 
A pcDNA3.1D (Invitrogen) derivative plasmid encoding the full len-
gth cDNA was generated and sequence verified. Transfection was 
done in HeLa or HCT15 cells as previously described23. 

Gene silencing with RNA 
interference technology. 

TCTN2 was silenced in HOP92 and OVCAR8 
cancer cell lines with four commercially availa-
ble (QIAGEN) TCTN2-specific siRNAs at 10 nM 
concentration (#1- SI04153632: TGCATCCGTC-
CAGTTTATTAA), (#2- SI04159183: AAGCCTATA-
GTTAGACAACCA), (#3- SI04200686: TTGGAAC-

TATACCAAGAACGA), (#4- SI04220433: TGGCTCGAAATAATACGTGTA), or irrelevant siRNA (AllStars 
Negative Control siRNA, QIAGEN) using the Hi-Perfect transfection reagent (QIAGEN) following the 
manufacturer’s protocol. TCTN2 expression was assayed 48 hours later by real-time q- PCR and Wes-
tern blot with anti-TCTN2 monoclonal antibody. Anti-β-Actin monoclonal antibody was used as a loading 
control. 

RNA Extraction and 
q-RT-PCR analysis. 

RNA extraction from cell lines was performed using the 
RNeasy mini kit (QIAGEN) according to manufacturer’s 
protocol and 500 ng was reverse transcribed using Super-
script III Reverse Transcriptase (Life Technologies) with 

oligo dT. Triplicate cDNA samples from each sample (equal to 50 ng RNA/sample) were subjec-
ted to real-time q-PCR to assess the RNA expression of TCTN2 (primers RT2 qPCR Primer Assay 
for Human TCTN2, QIAGEN) using the Quantitect SYBR Green PCR kit (QIAGEN). MAPK or GA-
PDH (primers RT² qPCR Primer Assay for Human MAPK or GAPDH, QIAGEN) were used as in-
ternal normalization controls. Data were analyzed with the One-Step Plus q-RT-PCR equipment 
(Applied Biosystems). Fold change in mRNA expression above control untreated cells was calcula-
ted based on the cycle threshold (ΔΔCt) method after normalization to MAPK or GAPDH expression.

Electrophoresis and Western 
Blot (WB) analysis. 

Cell mono-layers were detached with PBS-
0.5 mM EDTA and subjected to WB using a 
previously described protocol23. Briefly, cells 
were lysed in either Triton X-100 or RIPA lysis 

buffer and incubated for 30 min at 4 °C with continual rotation prior to removal of the insoluble fraction 
by centrifugation at 10000xg for 30 min at 4 °C. Protein content was assessed by the Bradford method. 
Total protein extracts were supplemented with β-mercaptoethanol and separated on pre-cast SDS-PA-
GE gradient gels (NuPage 4-12% Bis-Tris gel, 

6
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Invitrogen) under reducing conditions, followed by electro-transfer to nitrocellulose membranes (Invi-
trogen) according to the manufacturer’s recommendations. Subsequently gels were electroblotted onto 
Polyvinylidene difluoride (PVDF) membranes (Millipore) and the blots were incubated with polyclonal23 
or in house derived monoclonal antibodies, or the anti-Actin antibody. After incubation with secondary 
antibodies, the blotting was developed by using the ECL plus immunodetection system (Bio-Rad) and 
the chemiluminescence was visualized using a Chemidoc-IT UVP CCD camera (UVP) and the Western 
LightningTM Cheminulescence Reagent Plus (Perkin Elmer), according to the manufacturer’s protocol.

Confocal microscopy. 
Cells were plated on microscope coverslips, stained with 
the antibodies at the appropriate concentrations, using a 
previously described protocol23. For detection, Alexafluor 

488-labeled goat anti-mouse antibodies and DAPI were used.

Plasmid constructions for gene 
expression modulation tools

Plasmids containing a mammalian codon-op-
timized dCas9-VP64 activator (pMLM3705) 
and the single-chain guide RNA encoding 
plasmid (pMLM3636) were generously provi-
ded by Keith Joung and bought from Addge-
ne. The Super Krab Domain (SKD) was sub-

cloned from pMX-6ZF-SKD25 into dCas9-VP64, by using BamHI and XhoI enzymes, to replace VP64 with SKD. 
An empty (no effector domain) dCas9 plasmid was created by replacing the VP64 activator in the dCas9-VP64 
with a sequence containing a PacI restriction site (new plasmid referred to as dCas9-Empty)26. Two target regions 
of 20 bps of the target promoter were selected to design gRNAs based on close proximity to the transcription 
start site (TSS) (A and B). Cloning of gRNAs was achieved as previously described. Briefly, pairs of DNA oligo-
nucleotides encoding 20 nucleotide gRNA targeting sequences were annealed together to create double-stran-
ded DNA fragments with 4-bp overhangs. These fragments were ligated into BsmBI-digested plasmid pMLM3636. 
The same two target regions of the promoter close to the gRNA binding sites were selected based on high affinity pre-
dictions (www.zincfingertools.org) and the uniqueness of the target sites was confirmed by a blast on NCBI to generate 
ZFPs. Double stranded DNA oligos (BIO BASIC, Markham, Canada) coding for the two 6-finger ZFPs (ZFA and ZFB mi-
nus strand) flanked with the restriction site SfiI, were subcloned into the pMX-IRES-GFP alone called no effector domain 
(NED) or containing either the gene repressor SKD or epigenetic effector domain JARID1a (Supplementary Note 1).

Transfections of 
CRISPR vectors

Transfections were performed in triplicate using Lipofectamine LTX 
(Life Technologies). A total of 500,000 cells were seeded into six-well 
plates the day before transfection. For all experiments, a total of 1 μg 
of gRNA plasmids and 1 μg of the plasmid encoding either dCas9-SKD 
or dCas9 (no effector domain), were co-transfected using 2 μl PLUS 

reagent and 4 μl Lipofectamine LTX.

Retroviral transductions
HEK293T cells were co-transfected with the retroviral 
vector pMX-IRES-GFP along with VSV-G viral envelo-
pe (pMD2.G) and the gag/pol proteins (pMDLg/pRRE) 

as described previously25 using CaPO4. 48 and 72 hours after transfection, the viral supernatant was 
supplemented with FBS and 5 µg/ml polybrene (Sigma, St. Louis, MO, USA) and used to transduce 
host cells twice. Cells were harvested for further experiments three days after the last transduction. GFP 
positivity of cells was assessed on a Calibur Flow Cytometer (Beckton Dickenson Biosciences).

Generation of stable 
cell lines

Retroviral particles from pRetroX-Tet-On-Advanced (pTet-On) 
(CloneTech, Mountain View, CA) were generated using con-
ventional CaPO4 transfection of HEK-293T. Virus-containing 
supernatant was harvested 48 and 72 hours post-transfec-

tion, supplemented with FBS and 5 µg/ml polybrene, and used to transduce HT-29 cells twice. Two days 
after the last transduction, cells were selected with 1 µg/ml geneticin (Gibco/Invitrogen) for 5 days and 
individual clones were subcultured for testing using the pRetroX-Tight-Luc-Pur. The clone with the hi-
ghest expression of luciferase after induction was chosen for subsequent use. The coding regions of the 
ZFA and  ZFB fused to SKD or JARID1a were subcloned into the expression vector pRetroX-Tight-Pur 
(CloneTech, Mountain View, CA) using the BamHI/NotI restriction sites. Retroviral transduction of the 
plasmids was carried out on the stable pTet-On HT-29 cells. Two days after transduction, cells were 
selected with 1 µg/ml geneticin (Gibco/Invitrogen) for 10 days.  Expression of the fusion proteins was 
induced using doxycycline (dox, 100 µg/ml) for 72 hours. 

6
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Clonogenic assay Following transfection or transduction, cell were plated in 6-wells 
plates (2000-4000 cells per well). After two weeks, medium was 
aspirated and colonies were stained with Coomassie brilliant blue 

(Bio-Rad). The number of colonies was determined using phase contrast microscopy and Image J. 

Apoptosis assay
Cell apoptosis was measured using the 1, 1‟,3,3,3‟,3‟-Hexamethylin-
dodicarbocyanine iodide (DilC) assay (Enzo Life Sciences) and the 
Annexin V-PI assays (Sigma) according to the manufacture’s protocol. 

For the DilC assay, following treatment, cells were trypsinized and incubated in culture medium supple-
mented with DilC (50 nM) for 15 min at 37°C. After washing with PBS, DilC signal was analyzed using 
FACS Calibur (BD Biosciences). The percentage of apoptotic cells was determined as the number of 
viable cells with decreased DilC intensity, as reported before27. Assays were performed in 96-well plates 
according to the manufacturer’s instruction. Each experiments was carried out in triplicate and averaged 
from at least 3 independent experiments.

Statistical analysis of the phenotypic data was performed using 
two-tailed Student’s t-test. The statistical association between the 
clinico-pathological variables and IHC staining was assessed with 

the chi-square test. P-values ≤ 0.05 were considered significant. 

Statistical analysis. 

Results
TCTN2 is over-expressed 
in human cancers 
In our recent research, we described the use of the YOMICS@ murine polyclonal antibody library (http://
www.yomics.com) to discover tumor markers by IHC analysis[26,29]. During the screening of the en-
tire antibody library on tissue microarrays (TMAs) carrying cancerous and normal formalin-fixed para-
ffin-embedded (FFPE) samples (5 samples /tumor in duplicate), we found that a polyclonal antibody 
(pAb291- YOM) raised against a recombinant domain of TCTN2, encompassing the protein region from 
amino acid 170 to amino acid 443 (rTCTN2), specifically detected the expression of its target protein in 
cancer samples of colon (3/5), lung (2/5) and ovary cancers (2/5) whereas it gave a negligible staining 
in the corresponding normal tissues (Figure 1S). Based on this initial indication, a mouse monoclonal 
antibody (TCTN2 mAb) was generated in-house against the same domain (rTCTN2) utilized to genera-
te the polyclonal sera and used to analyze approximately 50 samples from colorectal, lung and ovary 
cancers, and 5 samples from matched normal tissues, in duplicate. In general the monoclonal antibody 
staining was cytoplasmic, though in some samples it also decorated the plasma membrane (Figure 1A). 
This mAb stained colorectal (63.8%), lung (18%), and ovary (16%) cancer samples, with marginal or 
negative staining in tested normal samples. An IHC scoring system based on a combined evaluation 
of the intensity of mAb staining (from 1 to 3) multiplied by the percentage of positive cancer cells (from 1 
to 100), showed that the highest TCTN2 expression level was found in colon cancer where 30% of sam-
ples showed a strong or moderate staining (IHC score >100) (Table 1). To further validate these findings 
and to investigate the role that TCTN2 might have during cancer progression, the protein expression 
was further assessed on an independent collection of colon cancer cases (163 samples) selected on 
the basis of the availability of relevant clinical and molecular data (Table 1S). The TCTN2 protein was 
detected in 93% of the cases (21.5% with a strong or moderate staining) without significant differences 
(P>0.05) between early and late stages as well as in low- and high-grade cancers and metastatic state 
(Table 2). All these data indicate that TCTN2 is associated with human cancers among which the highest 
expression level was found in colon cancer. 

The specificity of the monoclonal and polyclonal antibodies used for IHC was verified by Western blot 
on HeLa cells transfected with full-length TCTN2 cDNA. TCTN2 is predicted to encode a protein of 
77 kDa with four potential glycosylation sites. As shown in Figure 1B, both polyclonal and monoclonal 
antibodies specifically detected a main band around 100 kDa in TCTN2-transfected HeLa cells, which 
was not visible in HeLa cells transfected with the “empty” plasmid. However, when the protein extracts 
were treated with PNGase F, the immune-reactive band shifted to around 80 kDa thus confirming the 
predicted molecular weight and glycosylation.

6
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Figure 1. TCTN2 is overexpressed in pri-
mary tumours of colon lung and ovary. (A) 
TCTN2 is overexpressed in tumour sam-
ples and localises at the cell membrane. 
Normal and cancerous samples from co-
lon, lung and ovary were stained with the 
anti-TCTN2 monoclonal antibody, arrayed 
in parallel on the same TMA slides and 
analysed simultaneously. (B) Specific re-
cognition of TCTN2 antibodies - TCTN2 
expressed in mammalian cells is a gly-
cosylated protein. Western blot on total 
protein extracts from HeLa cells transfec-
ted with the empty plasmid or full length 
TCTN2, or recombinant TCTN2 domain 
(aa 171-444) expressed in E. coli, using 
the polyclonal (pAb291-YOM, left panel) 
and monoclonal antibody (anti-TCTN2 
mAb, right panel). The recognition of the 
mAb anti TCTN2 was also assessed after 
treatment with Peptide-N-Glycosidase F. 

TCTN2 protein is expressed in 
cancer cell lines and mainly loca-
lized on the intracellular side of 
the plasma membrane 

To better characterize TCTN2 protein expression and locali-
zation in tumors we selected a panel of breast, lung, colon, 
and ovary tumor cell lines. In these cell lines we assessed 
TCTN2 expression by Western blot. Immuno-reactive bands 
around 100 kDa, were detected in MCF7, H226, HOP92, 
HCT15, HT29, OVCAR8 and SCOV3 cell lines while the same 
bands were very faint or negative in SKBR3 (Figure 2A). The-
se bands might likely represent different glycosylation states 
of the protein. To further evaluate the mAb specificity for the 
target we used four different TCTN2-specific siRNAs (10 nM) 
to silence TCTN2 expression in HOP92 and OVCAR8 cells. 
Both cell lines showed a significant reduction of TCTN2, both 
at transcript and protein levels, as verified by q-RT- PCR and 
Western blot with all tested siRNA, compared to cells treated 
with an irrelevant siRNA (Figure 2B). Afterwards, we asses-
sed TCTN2 localization by confocal microscopy in HCT15, 
HOP92 and HT29 cancer cell lines, by permeabilising or not 
the cell membrane with the detergent BRJ96. TCTN2 was 
detected at the level of the plasma membrane only in per-
meabilised cells whereas it was undetectable without de-
tergent treatment (Figure 2C) Similar data were obtained in 
MCF7 and OVCAR8 cell lines (data not shown). This result 
indicates that the protein is not accessible to the antibody 
on the cell surface without permeabilisation, thereby it is li-
kely localized on the intracellular side of plasma membrane. 

Downregulation of TCTN2 
by epigenetic editing 

To investigate the alteration of cell growth and viability cau-
sed by loss of TCTN2 expression we developed epigenetic 
editing methods relying on the repression of its endogenous 
genomic locus and therefore able to perform a more sustained 
manner of silencing. To identify the best region to target within 
the promoter area, we used the CRISPR-dCas system to test 
two different sgRNAs recognizing regions: one mapping in the 
close proximity of the predicted transcription start site (TSS) 
and one 234 nucleotides upstream of the TSS (referred to as 
region A and B, respectively) (Figure 3A). In four cancer cell li-
nes from different tissue origin (MCF7, breast cancer; SKOV3, 
ovary cancer; HOP92, lung cancer; HT29, colon cancer), we 
observed that the region A, the one located closer to the trans-
cription start site, was better to achieve gene downregulation, 
irrespective of the effector domain used (Figure 3B). To further 
confirm our findings, we designed two DNA binding domain 
Zinc finger proteins to bind the same two regions of the pro-
moter (referred as ZFA and ZFB, respectively), fused to the 

6
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Figure 2. TCTN2 is expressed in cancer cell 
lines and localises in the inner side of plasma 
membrane. (A) Total proteins were extracted 
from breast (SKBR3 and MCF7), lung (H226 
and HOP92), colon (HCT15 and HT29) and 
ovarian (SKOV3 and OVCAR8) cancer cell 
lines. Proteins were resolved by SDS-polya-
crylamide gel electrophoresis and analysed 
by western blot with anti-TCTN2 monoclonal 
antibody. Anti-β-Actin monoclonal antibody 
was used as a loading control. (B) TCTN2 was 
silenced in HOP92 and OVCAR8 cancer cell li-
nes with four commercially available (QIAGEN) 
TCTN2- specific siRNAs at 10 nM concen-
tration or irrelevant siRNA (AllStars Negative 
Control siRNA, QIAGEN) using the Hi-Perfect 
transfection reagent (QIAGEN). TCTN2 ex-
pression was assayed 48 hours later by Wes-
tern blot. Anti-β-Actin monoclonal antibody was 
used as a loading control. (C) TCTN2 localizes 
in the inner side of plasma membrane in can-
cer cells lines. HCT15, HOP92 and HT29 cells 
were analyzed by confocal microscopy. Cells 
were incubated with the anti-TCTN2 mono-
clonal antibody, with (lower panels) or without 
(upper panels) permeabilization pre-treat-
ment with 0.01% BriJ96®. Cells were subse-
quently stained with Alexafluor 488-labeled 
goat anti-mouse antibodies to detect TCTN2 
(green) and DAPI to visualize nuclei (blue). 

Figure 3. TCTN2 downregulation, by different plat-
forms, alters growth phenotypes in four cell lines. A) 
Representation of TCTN2 gene promoter and first 
exon, transcription start site (TSS); A and B mark the 
region targeted. B) TCTN2 downregulation using CRIS-
PR-dCas9 alone or fused to a transcriptional repres-
sor (SKD). D) Apoptosis was measured using the 1, 
1‟,3,3,3‟,3‟-Hexamethylindodicarbocyanine iodide (DilC) 
assay in cells treated with different ZFs after TCTN2 
downregulation. E) Colony-forming assay in cells af-
ter TCTN2 downregulation. F) Visual representation of 
the colony-forming assay from HT-29 cells. Data was 
done in triplicate and is shown as mean ± s.e.m Statis-
tical significance was assessed by nonpaired two-tai-
led Student’s t-test, (*P<0.05, **P<0.01, ***P<0.001). 

transcriptional repressor Super Krab Domain (SKD). 
The same four cancer cell lines were transduced with 
retroviral vectors expressing ZFA, ZFA -SKD, or ZFB-
SKD and 4 days later RNA expression level was asses-
sed by q-RT-PCR and compared with cells treated with 
the empty vector, which served as negative control. ZFA 
-SKD transduced cells showed a significant reduction of 
transcription (ranging from 2 to 10-fold) in the four cell 
lines, whereas TCTN2 transcription levels in ZFB-SKD 
expressing and control cells was similar (Figure 3C). 
ZFA alone also affected mRNA expression (from up to 
2-fold) in HOP92 and HT29, although not significantly. 
We then assessed whether enforced TCTN2 downregula-
tion influences viability and growth of cancer cells. Indeed, 
an empirical observation during routine cell maintenance 
suggested that ZFA-SKD transduced cells showed a visi-
ble reduction in the proliferation rate (data not shown).
We first analysed the apoptotic phenotype of the four cancer cell lines transduced with ZFA-SKD, 
ZFB-SKD, or ZFA using the DilC1 staining assay[30], as compared to controls treated with the emp-
ty plasmid or untreated. Transduction with ZFA-SKD significantly increased apoptosis in HT-29 
cells (approximately 3 fold) (Figure 3D). Interestingly in the same cells, also transduction with ZFA alone 
increased the apoptotic phenotype, although it was not statistically significant. No significant effects on 
apoptosis were obtained in the other cell lines and the expression of ZFB -SKD caused no effect in either cell line. 

6
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TCTN2 modulation influences anchora-
ge-independent growth of cancer cells 
We then investigated the anchorage-independent growth phenotype of the transduced cell lines by the 
soft agar assay, one of the most stringent test commonly used to assess malignant transformation in 
cells. All cell lines expressing ZFA-SKD showed a reduced number of colonies in the soft agar assay 
(ranging from 2 to 5 fold). Also in this assay, cells treated to express ZFA alone showed a reduced capa-
city to produce colonies (Figure 3E-F). The observed phenotypic effects were further confirmed by crea-
ting stable cell lines able to downregulate TCTN2 from the endogenous genomic locus with an inducible 

Figure 4. Evidence of the role of TCTN2 as an 
oncogene, by means of epigenetic editing and 
overexpression with cDNA transfection. A) Stable 
inducible HT-29 cells were generated and TCTN2 
downregulation was addressed over time, after 
short-term induction of ZFP fusions. B) Colony for-
ming assay in cells after TCTN2 downregulation in-
duced by dox addition. C) Visual representation of 
the colony-forming assay from HT- 29 cells without 
and with dox. D) Anchorage-independent growth 
of HCT-15 after transfection with a plasmid enco-
ding TCTN2 full-length cDNA. Data was done in 
triplicate and is shown as mean ± s.e.m Statistical 
significance was assessed by nonpaired two-tailed 
Student’s t-test, (*P<0.05, **P<0.01, ***P<0.001). 

system. To this aim, the HT-29 cell line was transduced 
with a doxycycline (Dox) inducible system with different 
DNA binding domains coupled to either a transcriptional 
repressor (SKD) or an epigenetic enzyme (JARID1A) 
that demethylates H3K4me3. After adding 100 μg/ml of 
doxycycline for 72 hours to the cells, an efficient down-
regulation of TCTN2 in stable HT-29 cells was achieved 
using ZFA, ZFA-SKD and ZFA-JARID, whereas it was 
unaltered by ZFB-SKD and ZFB-JARID constructs (Fi-
gure 4A). TCTN2 was also in part downregulated before 
Dox addition, likely due to a leaky expression of ZFA-
SKD. Despite potential leakiness, sub-culturing cells 
for 7 additional days without Dox reversed the TCTN2 
downregulation caused by either ZFA constructs. When 
tested in the soft agar assay, HT29 cells transduced 
with the ZFA constructs showed a marked decrease 
in the clonogenic phenotype (up to 1 log reduction in 
the number of colonies, compared to cells cultured wi-
thout Dox). The reduced proliferation displayed by the 
reduced TCTN2-expressing cancer cells was again 
confirmed by a colony-forming assay. After Dox treat-
ment, the cells with ZFA and ZFA-SKD showed less 
proliferation and ability to form colonies (Figure 4B-C). 
We then sought to confirm the oncogenic potential of 
TCTN2 by over-expressing it in human cells and de-
termining clonal growth. HCT15 cells were transient-
ly transfected with a TCTN2-encoding plasmid and 
the clonogenic phenotype was monitored for 7 days 
in the soft agar assay, by assessing the number of 
cell colonies, as compared to cells transfected with 
the empty plasmid. As shown in Figure 4D, TCTN2 
over-expression resulted in an increase of the number 
of HCT15 cell clones (approximately 2 fold), as compa-
red to control cells transfected with the empty vector. 

Discussion
TCTN1, TCTN2 and TCTN3 (TCTNs) proteins are emerging as critical ciliary components that form 
high affinity complexes in the cilium transitional zone and they could modulate signal transduction of 
Hh and Wnt pathways through their functional interaction with MKS119. While the relevance of Wnt 
and Hh in cancer is well documented, the role of TCTNs has been so far marginally addressed. The 
only member of this family that has been reported to act as an important player in human cancers is  
TCTN126. Indeed, it is expressed in human glioma, pancreas and prostate cancer cell lines. Moreo-
ver, in human glioblastoma (GBM) TCTN1 overexpression predicts poor clinical outcome for patients27. 
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The present study significantly contributes to the current knowledge on TCTN2, by providing ro-
bust experimental evidence that it is associated with human cancer. By an IHC study we discovered that 
the protein is highly expressed in colon, lung, and ovary cancers, among which the highest expression 
level (based on samples with IHC score >100) was found in colon cancer. We found that TCTN2 is ex-
pressed in cell lines derived from different cancers, and it is associated to the plasma membrane, likely 
oriented towards the intracellular side. Here we demonstrated that TCTN2 plays an important role in the 
growth of cancer cells by using targeted epigenetic editing. Indeed, loss of TCTN2 reduced the ability of 
four cancer cell lines to form colonies independently of a solid surface and, remarkably, it increased cell 
apoptosis. Moreover, transient TCTN2 over- expression in HCT15 cells elicited by conventional cDNA 
transfection substantially increased the colony-forming phenotype. Additionally, we found that loss of 
TCTN2 also influences cell viability, though only to a moderate extent. Since the capability to grow in an 
anchorage independent way is considered a hallmark of carcinogenesis, our results strongly suggest 
that TCTN2 may act as an oncogene. Moreover, we hypothesize that the phenotypic effects caused by 
variation of TCTN2 expression could be due to a chain signaling reaction mediated by MSK1. As des-
cribed for TCTN1, variation of TCTN2 expression could affect the interaction of the TCTN complex with 
MSK1 and influences its expression in the cilia, thereby leading to Wnt and Shh signaling transduction 
that can ultimately result in aberrant growth of cancer cells. This aspect deserves future studies. Knock 
down approaches proved that TCTN1 is essential for cancer cell viability and proliferation, suggesting 
that its dysregulation may play a key role in tumorigenesis20,28,29. It would be interesting to test whether, 
as reported for TCTN1 in GMB27, TCTN2 could represent a prognostic factor for TCTN2-over-expres-
sing cancers. Our in vitro data also provide the rationale for the design of novel TCTN2-targeting drugs. 
Targeted epigenetic editing can eventually serve as a therapeutic approach to stably alter gene expres-
sion patterns in cells30,31. 

Taken together our results demonstrate for the first time that TCTN2 is associated to human 
cancers. We found that TCTN2 is expressed in the plasma membrane of cancer cell lines probably 
associated to the intracellular side. Since the capability to grow in an anchorage independent way is 
considered a hallmark of carcinogenesis our experimental evidences obtained modulating TCTN2 ex-
pression suggest that it might act as an oncogene. 
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Figure 1S. TCTN2 is overexpressed in primary tumours of colon lung and ovary. TCTN2 is ove-
rexpressed in tumour samples and localises at the cell membrane. Tissue micro array of normal 
and cancerous samples from colon, lung and ovary were stained with the anti-TCTN2 polyclonal 
antibody YOM-291, arrayed in parallel on the same TMA slides and analysed simultaneously. 
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