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Introduction

Gastric adenocarcinoma (GCa) is the third leading cause 
of cancer-related mortality worldwide and constitutes one 
of the highest cancer burdens, as measured by disability-
adjusted life years lost (1). In North America, five-year 
survival in patients newly diagnosed with GCa is 29% in 
Canada (2) and 33% in the United States (3), largely due 
to distant metastatic disease at diagnosis. Despite favorable 

initial response to first line systemic regimens, disease 
progression typically occurs within twelve to eighteen 
months. Response rates to subsequent lines of treatment 
remain limited. Of patients who undergo curative-intent 
resection for their primary GCa, approximately 40% will 
experience recurrence of disease, despite improvements 
in surgical and perioperative adjuvant therapy (4). These 
statistics highlight the need to identify new molecular 
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prognostic and predictive biomarkers, as well as novel 
therapeutic targets, that are specifically relevant to patients 
with GCa.

The FAM46/TENT5 family comprises a group of four 
highly conserved proteins (FAM46A, FAM46B, FAM46C, 
FAM46D) present in all animal genomes but, until recently, 
of unknown function and significance (5). Sequence analyses 
revealed that FAM46 proteins contain the three key motifs 
found in the nucleotidyltransferase (NTase) fold domain 
of the NTase superfamily (5), and in vitro experiments 
demonstrated that all four paralogs are capable of catalyzing 
polyadenylation (6-8). As such, these genes were renamed 
as terminal nucleotidyltransferases (TENT5A-D). Unlike 
canonical poly(A) polymerases (PAPs) such as human 
poly(A) polymerase gamma (hPAPγ), TENT5A-D do not 
possess conventional RNA recognition motifs (RRMs) and 
are thus classified as non-canonical poly(A) polymerase 
(ncPAP) (9). 

The four human FAM46 paralogs are highly similar 
at the protein sequence level but diverge significantly 
with respect to DNA sequence and RNA transcription. 
The paralogs are also subject to differential epigenetic 
modification at the promoter and coding regions (5). 
Furthermore, their expression patterns in normal tissues 
also vary—FAM46A, FAM46B, and FAM46C are expressed 
in several cell and tissue types, while FAM46D is expressed 
only in the testis (10). FAM46C mRNA is detected in a 
wide variety of epithelial tissues, including breast, stomach, 
respiratory and reproductive tracts, as well as blood cells, 
including neutrophils and lymphocytes, bone marrow, and 
mesenchymal tissue (5,10). FAM46C’s ubiquitous expression 
in normal tissues suggests that it plays a significant biologic 
role, despite its functions having remained obscure until 
relatively recently.

The first clue that members of the FAM46 family could 
be functionally relevant in human cancers emerged with the 
observation that FAM46C was mutated in ~20% of multiple 
myeloma patients, a phenomenon that was independently 
associated with inferior overall survival, suggesting the 
possibility of a tumor suppressor function for FAM46C 
(8,11). Subsequently, potentially relevant alterations in 
FAM46A and FAM46B have been noted in various other 
cancers. Increased expression of FAM46A is an independent 
prognostic factor for poor survival in patients with 
glioblastoma (12) and esophageal adenocarcinoma (13), 
while decreased expression of FAM46B portends inferior 
survival in prostate cancer patients (14). 

FAM46C is of particular interest due not only to 

mounting intimations of its capacity to regulate cancer 
progression in some primary tumor sites (15-17), but also 
because of an intriguing spectrum of potential molecular 
mechanisms for its suppression of cancer cell proliferation, 
invasion and metastasis (18,19). Here, we summarize the 
current body of literature that implicates FAM46C as a 
functional tumor suppressor and potential therapeutic target 
in gastric cancer, reviewing its proposed mechanism(s) of 
action to suggest avenues for patient selection and response 
assessment. We present evidence from our own laboratory 
that indicates the potential for restoration of FAM46C 
levels to suppress oncogenic polo-like kinase (Plk)4 kinase 
activity, and thereby restrict gastric cancer progression.

The role of FAM46C in human cancer

The potential tumor suppressive function of FAM46C was 
first identified in multiple myeloma, where it was eventually 
attributed to its PAP activity (5,8). Since then, evidence has 
accumulated to indicate that FAM46C function is relevant 
to tumorigenesis and tumor progression in a variety of solid 
tumors, including prostate (16), colorectal (18), and gastric 
carcinoma (17,20). Moreover, its tumor suppressive function 
is now thought to be mediated via several non-PAP-related 
pathways, as will be further discussed below (18,19).

FAM46C in multiple myeloma

Deletions/mutations in FAM46C are common in multiple 
myeloma. 19% of patients recruited to an early drug trial 
(n=378) were found to harbor a deletion at 1p12, where 
the FAM46C gene is located, in their myeloma cells (11). 
In a whole genome sequencing/whole exome sequencing 
study of 203 multiple myeloma patients, eleven percent 
had at least one protein altering FAM46C mutation in their 
malignant cells, making FAM46C the third most mutated 
gene in the cohort (21). In another cohort of 114 multiple 
myeloma patients, deletions and/or mutations in FAM46C 
were identified in 23% of patients; this was associated 
with a particularly adverse prognosis (11). While FAM46C 
deficiency defines patients as at high risk for relapse 
following treatment, specific implications for targeted 
therapy remain to be established.

FAM46C in epithelial cancers

Studies in our own laboratory, as well as those published 
by others (20,22), indicate that significant depletion of 
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FAM46C is very common in GCa tumor tissue compared 
to normal gastric mucosa; the associated clinicopathologic 
features and implications of this loss of expression in GCa 
are detailed below. In colorectal carcinoma (CRC), FAM46C 
is significantly underexpressed in tumor compared to 
normal mucosa tissue samples (18). Additionally, FAM46C 
expression was noted to be lower in CRC of higher clinical 
stage, particularly so in patients with liver metastasis (18). 
In prostate cancer, reduced expression of FAM46C in tumor 
tissue is also associated with inferior overall survival (16). 
Analysis of The Cancer Genome Atlas (TCGA) dataset 
shows that FAM46C is significantly underexpressed in 
hepatocellular carcinoma (HCC) compared to normal 
liver tissue samples, though the prognostic significance in 
patients is unclear. Experimentally, forced expression of 
FAM46C in HCC cells inhibited their proliferation, with 
induction of a Gap 2 (G2)/mitotic (M) phase arrest, as well 
as suppression of HCC cell migration and invasion (23). 
Similarly, in oral squamous cell carcinoma (SCCa), forced 
expression of FAM46C attenuated proliferation and induced 
apoptosis in two cell lines (CAL27 and SCC15) that have 
relatively low basal expression of FAM46C compared to 
other oral SCCa cell lines. FAM46C knockdown reduced 
apoptosis and increased proliferation in HSC4 cells, a cell 
line with relatively high basal FAM46C expression (15). 
However, the clinical significance of FAM46C in oral SCCa 
remains unclear.

FAM46C in mesenchymal cancers

Decreased expression of FAM46C has been found in 
osteosarcoma tumor samples (24). Furthermore, FAM46C 
expression in osteosarcoma cells was subject to regulation 
by the oncogenic microRNA, miR-10b.

FAM46C in GCa

To date, three groups have reported analyses of FAM46C 
expression in GCa specimens and cell lines (17,20,22). 
In a series of 94 patients who underwent curative intent 
resection for stage I–III GCa at a single Canadian 
institution, FAM46C expression was reduced in tumor 
tissue as compared to paired normal gastric mucosa derived 
from the same patient in 90% of cases (20) (Figure 1A). 

In a series of 129 Japanese patients who had undergone 
curative-intent resection for GCa, FAM46C expression was 
noted to be reduced in tumor tissue in 91% of patients (22).  
Copy number alterations at the FAM46C locus were 

found in 35% of patients, but did not appear to correlate 
with FAM46C expression. In this cohort, five-year 
recurrence-free survival was reduced in patients with low 
vs. preserved FAM46C expression. Indeed, low FAM46C 
expression proved to be an independent predictor of 
inferior recurrence-free survival, with a hazard ratio of 4.6, 
which was higher than for any other variable, including 
node status or vessel invasion. Additionally, low FAM46C 
expression was specifically linked with the development of 
metachronous hepatic metastases (22). Of note, the long-
term survival of patients in this cohort of Japanese patients 
was exceptionally high (≈75% at five years) compared with 
what is observed in Western countries. Nevertheless, we 
found in our Canadian series that FAM46C depletion in 
the primary tumor was indeed associated with poor survival 
following curative-intent resection (Figure 1B), with an even 
stronger prognostic effect in the subset of patients with 
node positive GCa (Figure 1C) (20).

In a gene set enrichment analysis of 60 GCa tumors 
and 30 normal tissue samples, Li and co-authors reported 
a negative correlation between expression of FAM46C and 
that of genes in the Wnt signaling pathway (17). In vitro 
experiments using GCa cell lines MKN45 and MKN74 
showed that forced FAM46C expression inhibited cell 
proliferation, inducing a G1 arrest. This occurred in 
conjunction with a reduction in the proliferative marker 
Ki-67, as well as decreased β-catenin, MYC, and inhibitor 
of apoptosis Bcl-2 protein levels (17). As a corollary, 
knocking down FAM46C in GCa line AGS promoted cell 
proliferation, increased Ki-67 and Bcl-2 protein levels, and 
reduced levels of active caspase 3 (17). The authors went 
on to explore the effects of FAM46C upregulation in vivo, 
using a human GCa murine xenograft model (17). While 
there were no phenotypic changes reported, increased 
FAM46C expression did result in Wnt pathway inhibition. 
Furthermore, treatment with the Wnt/β-catenin agonist 
LiCl increased the viability of FAM46C-overexpressing 
GCa cells, in tandem with an increase in β-catenin and 
c-MYC expression. These findings suggest that forced 
expression of FAM46C can be toxic to GCa cells, and that 
this effect is mediated, at least in part, through inhibition of 
Wnt/β-catenin signaling (17).

Mechanisms of FAM46C-dependent tumor 
suppression

In addition to inhibition of the Wnt/β-catenin pathway, 
there are two broad potential mechanisms through which 
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Figure 1 Depletion of FAM46C in patients with gastric cancer and rescue by NCTD. (A) FAM46C expression is reduced in tumor 
versus paired normal mucosa (logT/NM <0) in 90% of patients who underwent curative-intent resection for gastric adenocarcinoma. 
Each patient is represented by a single vertical unit (n=94). (B) Loss of FAM46C expression is associated with inferior DSS in patients 
with gastric adenocarcinoma (n=94). High and low FAM46C expression were defined using median FAM46C T/NM mRNA expression 
(0.26) of the entire cohort as a cut-point. (C) Loss of FAM46C expression is associated with inferior disease-specific survival in the 
subset of patients with node-positive gastric adenocarcinoma (n=60). (D) FAM46C expression varies significantly between cell lines, 
with aggressive GCa line MKN-45 showing markedly lower FAM46C mRNA levels than GCa line AGS, cervical Ca line HeLa, and 
osteosarcoma line U2OS. mRNA expression was measured by real time RT-PCR, and calculated by the ΔΔCt method, with all lines 
normalized to expression in MKN-45 cells. N=3–4 biologic replicates per cell line. (E) NCTD treatment for 48 hours resulted in a 
dose-dependent increase in FAM46C expression, particularly notable in MKN-45 GCa cells. The inflection point was between 50 and  
100 μM NCTD for all lines. FAM46C mRNA was normalized to GAPDH expression, as measured by real time RT-PCR. *, P<0.05 vs. 0.1% 
DMSO-treated control for each cell line, t-test with Welch’s correction, n=3–4. (F) NCTD treatment for 48 hours resulted in loss of cell 
viability, with the extent of viability loss being exaggerated in MKN-45 vs. AGS, HeLa and U2OS cells. The inflection point was between 
50 and 100 μM NCTD for all lines. Viability was assessed by staining cells with 0.8 μM calcein AM (484/517 nm) and 0.8 μM ethidium 
homodimer-1 (528/617 nm) for 1 h and calculated as the number of viable cells divided by the total number of cells per well and is expressed 
relative to 0.1% DMSO-treated control for each line, n=6. All data are expressed as means ± SEM. NCTD, norcantharidin; DSS, disease-
specific survival; GCa, gastric adenocarcinoma; RT-PCR, reverse transcription polymerase chain reaction; DMSO, dimethyl sulfoxide; SEM, 
standard error of the mean.
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FAM46C may act as a tumor suppressor in GCa. One 
relates to the putative NTase activity of FAM46C and the 
other to its non-transcriptional functions.

NcPAP related functions of FAM46C

Recently, the crystal structures of FAM46C was solved, and, 
as with other ncPAPs, it possesses a core NTase domain but 
no RRMs (25). In multiple myeloma cell lines, evidence 
exists that FAM46C can promote cancer cell death by 
altering mRNA stability of endoplasmic reticulum (ER)-
targeted genes through its NTase activity (8). To date, no 
such evidence has been found in GCa cell lines, but robust 
analyses are lacking. 

Non-transcriptional functions of FAM46C

Mounting evidence now indicates that FAM46C has 
functions independent of polyadenylation. For instance, in 
prostate cancer cells, FAM46C preserves PTEN protein 
levels by inhibiting ubiquitination without altering PTEN 
mRNA levels (16). More recently, FAM46C has been shown 
to directly interact with Plk4, the polo family member 
known as a master regulator of centriole duplication (18,25). 
In in vitro experiments, Plk4 directly binds to FAM46C, 
and the two co-crystallize as a complex, localizing in 
proximity to the centriole (18,25). Experimental evidence 
indicates that recruitment of FAM46C to the centriole 
by Plk4 is crucial for suppressing cell growth in MM1.S 
multiple myeloma cells (25). In various in vitro migration 
and invasion assays, FAM46C suppressed these aggressive 
cancer cell behaviors by inhibiting Plk4 kinase activity (18).  
In addition, evidence from a murine xenograft model 
showed that the growth advantage conferred by FAM46C 
depletion of MDA-MB-435 cells was partially rescued 
by Plk4 depletion (18), implying a functional interaction 
whereby FAM46C restrains Plk4’s oncogenic activity  
in vivo. In several GCa series from Asian centers, artificial 
intelligence (AI) algorithms have been used to demonstrate 
that increased Plk4 expression is part of a gene signature 
associated with particularly poor prognosis (26,27); a 
combination of Plk4 gain and FAM46C loss could prove to 
have an even more significant adverse prognostic impact.

“Targeting” FAM46C for cancer treatment

For the most part, new anti-cancer agents that are 

developed in response to differential gene expression (DGE) 
analysis will be intended to target proteins and pathways 
that are apparently upregulated in cancer versus normal 
tissue. As indicated above, FAM46C is depleted in GCa. 
Since FAM46C depletion has functional consequences 
that liberate a variety of oncogenic pathways (16,17,19), 
restoration of FAM46C function could potentially restrain 
tumor progression. That said, FAM46C would not be 
thought of as a conventional “target”. To our knowledge, 
no work has thus far been done to intentionally develop an 
agent that would selectively upregulate FAM46C. 

Norcantharidin (NCTD) is a synthetic analogue of the 
traditional Chinese medicine compound cantharidin, itself 
derived from the Chinese blister beetle, Mylabris phalerata, 
and historically used to treat a spectrum of non-neoplastic 
and neoplastic ailments (28). In a screen to determine genes 
that might mediate the antiproliferative effect of NCTD in 
hepatoma cells, Zhang et al. described dependence of the 
latter on upregulation of FAM46C expression (23). NCTD 
inhibits proliferation, induces apoptosis, inhibits invasion, and 
exerts anti-angiogenic effects in a variety of cancer cells (28).  
Indeed, NCTD has recently garnered interest for its 
anticancer properties as delineated in preclinical and clinical 
studies [reviewed in (28)]. For GCa specifically, NCTD has 
been studied in one small clinical trial where postoperative 
patients were randomized to either conventional cytotoxic 
chemotherapy alone or chemotherapy plus NCTD; patients 
who received the combination therapy had a lower rate of 
cancer recurrence and a higher three-year overall survival 
rate (29). Currently, NCTD is approved for clinical use only 
in China, where it is used as an adjunct to chemotherapy 
or radiotherapy for liver, esophageal, colorectal, and gastric 
cancers (28). There is currently one open clinical trial that 
is investigating the safety of NCTD-loaded microspheres 
injected into patients with solid tumors (30).

A variety of molecular mechanisms have been proposed 
for the anti-cancer activity of NCTD [reviewed in (28)]. 
Briefly, NCTD induces apoptosis via the MAPK-ERK 
pathway in CRC and HCC cells; via the Wnt/β-catenin 
pathway in medulloblastoma and leukemia; and via the 
PI3K/Akt pathway in breast cancer and lymphoma. NCTD 
also suppresses Epithelial-to-mesenchymal transition 
(EMT) by inhibiting the αvβ6-ERK-ETS1 pathway in 
colorectal cancer, as well as the Yes-associated protein 
(YAP) in non-small cell lung cancer (NSCLC), and the 
Janus kinase 2 (JAK2)/signal transducer and activator of 
transcription 3 (STAT3)/TWIST pathway in HCC. The 
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potential intersection of these multiple signalling pathways 
with FAM46C and its downstream effectors has not yet 
been fully explored. Of note, FAM46C was essential to 
NCTD’s modulation of ERK signalling, and FAM46C 
knock down partially inhibited NCTD’s cytotoxic effect in 
HCC cancer cells (23). To date, NCTD is the only agent 
that has been shown to upregulate FAM46C expression in 
cancer cells, though to our knowledge a systematic screen 
has not been performed.

Experiments from our laboratory show that NCTD 
increases  FAM46C  express ion in  GCa cel l  l ines . 
Interestingly, baseline levels of FAM46C mRNA expression 
are higher in AGS GCa cells than in HeLa cervical cancer 
or U2OS osteosarcoma cells, and strikingly higher (50×) 
in AGS than in the very aggressive MKN-45 GCa cell line 
(Figure 1D). NCTD treatment results in a dose dependent 
increase in FAM46C mRNA levels, as determined by 
reverse transcription polymerase chain reaction (RT-
PCR), both in AGS and MKN-45 cells (Figure 1E). The 
proportional increase over baseline was greater in MKN-
45 cells, though the absolute level of FAM46C expression 
was still ten-fold greater in AGS than MKN-45 cells at the 
highest concentration of NCTD tested. NCTD treatment 
decreased cell viability in both GCa cell lines in a dose 
dependent manner, and the degree of cytotoxicity correlated 
with the extent of FAM46C overexpression induced in each 
cell line vs. its own baseline (Figure 1F). 

Based on the above, we hypothesize that FAM46C 
functions as a tumor suppressor in GCa and that NCTD 
kills GCa cells by upregulating FAM46C expression. To test 
this, we knocked down FAM46C expression in AGS cells 
to 45–55% of control (at the mRNA and protein levels) 
using shRNA, without any apparent effect on cell viability  
(Figure 2A,2B). NCTD treatment induced FAM46C 
expression in control shGFP AGS cells, but clearly failed 
to increase FAM46C expression in shFAM46C AGS 
cells (Figure 2C). Cell killing by NCTD was blunted 
in shFAM46C AGS cells (Figure 2D). This decreased 
susceptibility to NCTD in FAM46C-depleted AGS cells 
suggests that the cytotoxic effect of NCTD is mediated at 
least in part through FAM46C. 

Insights into how FAM46C functions as a tumor 
suppressor in GCa can indicate avenues for other 
therapeutic strategies. Since FAM46C is an endogenous 
Plk4 inhibitor, Plk4 could represent a promising target in 

GCa. Centrinone-B, which is a highly selective inhibitor of 
Plk4 (31), did not appear toxic to AGS GCa cells at baseline 
or following FAM46C depletion (Figure 3A,3B). While 
viability and proliferation may be unaffected, centrinone-B 
does suppress migration of AGS cells in vitro (Figure 3C). 
Furthermore, as recently demonstrated, centrinone-B 
abrogates peritoneal implantation of GCa cells in an ex vivo 
peritoneal explant model (32), consistent with mediation 
through Plk4 kinase activity. Of note, treatment with 
centrinone-B did not impact the reduction in FAM46C 
mRNA expression induced by siFAM46C (Figure 3D). 
Furthermore, expression of Plk4 at the mRNA level was 
not altered by depletion of FAM46C with or without 
centrinone-B treatment of AGS cells. These findings are 
consistent with the documented interaction of FAM46C and 
Plk4 at the protein-protein level, with FAM46C blocking 
Plk4 kinase activity (18). The role of Plk4 activity in GCa 
progression requires further investigation, particularly with 
respect to its interaction with FAM46C. Patients whose 
tumors harbor unrestrained Plk4 kinase activity due to 
profound depletion of FAM46C may be most optimally 
selected for FAM46C repletion. 

Conclusions and future perspectives

Of the four FAM46 paralogs that comprise the human 
FAM46/TENT5 family of putative nucleotidyl transferases, 
FAM46C has received the most attention as a clinically 
relevant biomarker. Recent clinical and pre-clinical data 
support the role of FAM46C as a tumor suppressor in 
GCa. FAM46C depletion in tumor tissue relative to normal 
gastric mucosa is common in advanced GCa, and correlates 
with aggressive GCa cell behavior, as well as an adverse 
prognosis in patients. Restoration of FAM46C can reverse 
aggressive GCa phenotypes such as proliferative advantage, 
migration, and invasion; this reversal is mediated at least in 
part through suppression of the kinase activity of oncogenic 
Plk4. The prognostic significance of FAM46C loss should 
ideally be analyzed in concert with other emerging 
molecular features; large data sets generated through 
multicenter collaboration are suitable for AI-guided 
analysis. The therapeutic potential of norcantharidin, which 
upregulates the expression of FAM46C in GCa, is under 
evaluation in clinical trials. Further work is required to 
uncover and strategically augment the molecular pathways 
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Figure 2 NCTD kills gastric cancer cells in a FAM46C-dependent manner. (A) FAM46C mRNA expression is reduced by 45–55% in 
two independent shFAM46C AGS lines, compared with shGFP control (left panel). mRNA expression was measured using real time RT-
PCR, calculated by the ΔΔCt method, and normalized to GAPDH. *, P<0.05 t-test with Welch’s correction, n=4 experiments. Reduced 
FAM46C expression was also seen at the protein level in AGS cell pellets, composed of 2 independent shFAM46C lines vs. shGFP control, 
assessed by immunohistochemistry using 1/600 rabbit polyclonal FAM46C antibody (Abcam ab222808) with BDDAB chromogen; 40× 
magnification, scale bar, 1,500 µm (right panel). (B) Viability of AGS cells over 48 hours in culture is not affected by a 45–55% reduction in 
FAM46C mRNA expression, either without (left panel) or with 0.1% DMSO (right panel), n=6 experiments for each condition. Viability 
was measured as the number of viable cells divided by the total number of cells per well. (C) Induction of FAM46C mRNA expression by 
NCTD treatment (for 48 hours) is suppressed in shFAM46C vs. shGFP AGS cells, n=4 experiments. (D) AGS cells depleted of FAM46C are 
resistant to NCTD-induced toxicity. NCTD treatment for 48 hours caused loss of cell viability in shGFP control AGS cells; this effect was 
blunted in shFAM46C cells (left panel), particularly at lower doses of NCTD (right panel). Viability is expressed relative to 0.1% DMSO 
treatment for each line. *, P<0.05, **, P<0.01 vs. shGFP control, t-test with Welch’s correction, n=6 independent experiments. All data are 
expressed as means ± SEM. NCTD, norcantharidin; RT-PCR, reverse transcription polymerase chain reaction; DMSO, dimethyl sulfoxide; 
SEM, standard error of the mean.
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Figure 3 Plk4 kinase inhibition suppresses AGS gastric cancer cell migration without effect on viability, proliferation, or Plk4 expression. 
(A) Viability of AGS cells treated with varying doses of centrinone-B (Cent) ×24 hours prior to assay, relative to untreated cells (0.1% 
DMSO control). n=3 individual experiments. Relative viability was determined as the number of alive/total number of cells in experimental 
wells divided by the number of alive/total number of cells in corresponding cell DMSO controls. (B) Viability (left panel) and proliferation 
(right panel) of centrinone-B treated and untreated siFAM46C or si-luciferase AGS cells. Absolute viability defined as total number of 
alive cells divided by total number of cells in well. P=NS vs. si-luciferase control for all time points. (C) Quantification of scratch wound 
assay demonstrates treatment of AGS gastric cancer cells with centrinone-B (1 mM) impairs wound healing. Percentage of original wound 
area healed at indicated time point, n=4. **, P<0.01, ***, P<0.001 vs. DMSO control, unpaired t-test with Welch’s correction. (D) mRNA 
expression (ΔΔCt) of FAM46C and PLK4 in siFAM46C-transfected (pool of 4) AGS cells treated with 1 μM centrinone-B or DMSO ×16 h, 
relative to luciferase siRNA control (=1), normalized to GAPDH. P=NS siFAM46C-pool DMSO vs. centrinone-B, n=3. All data are means ± 
SEM. DMSO, dimethyl sulfoxide; NS, not significant; SEM, standard error of the mean.

that mediate tumor suppression by FAM46C.
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