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Abstract. – OBJECTIVE: The RIB43A domain 
with coiled-coils 2 (RIBC2) encodes an unchar-
acterized vertebrate protein exhibiting similar-
ity with Chlamydomonas protofilament ribbon 
proteins, required for ciliary motility. To date, 
no functional variants capable of triggering a 
change in the expression of RIBC2 have been 
reported.

PATIENTS AND METHODS: The genotypes 
of rs2272804 in 30 individuals were identified 
with Sanger sequencing to estimate allele fre-
quencies. Dual-Luciferase and mutagenesis as-
says were carried out to investigate the impact 
of rs2272804 on transcriptional and translation-
al levels. The microarray data of 7 types of 
cancer were obtained from the Gene Expression 
Omnibus (GEO) to explore the role of rs2272804 
in those diseases.

RESULTS: In this study, we identified a com-
mon variant in the 5’UTR of RIBC2, rs2272804, 
which can create an upstream open reading 
frame (uORF) in the 5’UTR significantly inhib-
iting the expression of its host gene. Using 
Dual-Luciferase constructs, we found that this 
variant leads to an 85% reduction in transla-
tional efficiency, but only a 20% decrease was 
observed at the transcriptional level. In terms 
of population studies, mRNA levels of RIBC2 
varied according to their rs2272804 genotypes. 
The “A” allele homozygotes, which created a 
uORF, showed the lowest transcriptional lev-
els while the transcriptional activity of the “C” 
allele homozygotes without an uORF was the 
highest, consistent with the in-vitro studies. 
Furthermore, we explored its role in 7 types of 
cancer and identified RIBC2 as a significantly 
differentially expressed gene (DEG) in breast 
cancer (BRCA), ovarian serous cystadenocarci-
noma (OV), and kidney renal clear cell carcino-
ma (KIRC). Finally, we showed that the overex-
pression of RIBC2 enhanced the expression of 
TRIM37 and down-regulated TRAF2. TRIM37 is 

a member of the tripartite motif (TRIM) family 
involved in developmental patterning and on-
cogenesis while TRAF2 is associated with the 
signal transduction from members of the TNF 
receptor superfamily.

CONCLUSIONS: Our reports identified a com-
mon variant that exerts a dramatic impact on ex-
pression efficiency and provides further func-
tional insight into RIBC2.
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Introduction

An upstream open reading frame (uORF) is 
one of the most critical post-transcriptional reg-
ulatory elements underlying cellular regulation of 
gene expression1. It is characterized by an ORF 
sequence with its start codon preceding the trans-
lation initiation site (TIS) in the 5’UTR2. Com-
monly found in mature mRNA from mammal 
transcriptomes, UORFs typically reduce the pro-
tein expression of their host genes by blocking the 
efficiency of translation initiation or by trigger-
ing mRNA decay2,3. Therefore, mutations located 
in the 5’UTR can affect the transcriptional and 
translational efficiency by changing the number 
of uORFs or uORF-encoded peptides, which we 
term “uORF-altering mutations”. To date, multi-
ple works have linked uORF-altering mutations to 
human diseases. Occhi et al4 reported a novel 4-bp 
deletion that caused a frameshift in the uORF of 
CDKN1B resulting in a MEN4 phenotype; Wen 
et al5 identified a range of defects in the second 
uORF of HR that gave rise to increased transla-
tion of downstream main ORF leading to Marie 
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Unna hereditary hypotrichosis5,6;; and Hornig et 
al7 described a recurrent germline mutation in the 
5’ untranslated region of androgen receptor (AR) 
genes with complete androgen insensitivity syn-
drome.

In this study, we focused on a common vari-
ant that creates an uORF that has a dramatic 
impact on the expression of RIBC2, which en-
codes a testis-specific ribbon protein that has 
rarely been explored. RIBC2, also known as 
TRIB or C22orf11, is required for ciliary mo-
tility and is clustered with some known ciliary 
beating components8. Previous RNA-sequenc-
ing data of different tissues from 95 people 
demonstrated the particularly high expression 
of RIBC2 in the testis9. Pathological research 
has shown that RIBC2 is hypermethylated in 
ulcerative colitis (UC) patients and associated 
with transcriptional repression10. Therefore, we 
attempted to find other genetic factors influenc-
ing the expression of RIBC2, and we present a 
preliminary functional study identifying poten-
tial interacting genes. After scanning all known 
variants of the 5’UTR of RIBC2 from dbSNP, 
rs2272804 was identified as an uORF-altering 
variant. This mutant allele created the only 
uORF in the 5’UTR of RIBC2, potentially by 
blocking the normal scanning of ribosomes on 
the main ORF of its host gene. We evaluated 
the impact of rs2272804 at the transcription and 
translation levels of RIBC2 using Dual-Lucif-
erase assays. 

Further, to explore its role in various types 
of cancer, we used microarray data to system-
atically identify all the differentially expressed 
genes (DEGs). We found RIBC2 to be a sig-
nificant DEG in human breast cancer (BRCA), 
ovarian serous cystadenocarcinoma (OV), and 
kidney renal clear cell carcinoma (KIRC). Fi-
nally, a preliminary investigation of its inter-
acting genes observed that overexpression of 
RIBC2 led to up-regulation of tripartite mo-
tif-containing 37 (TRIM37), a gene involved 
in developmental patterning and oncogenesis 
that can promote the growth and migration of 
pancreatic cancer cells11. The overexpression 
of RIBC2 also led to down-regulation of TNF 
receptor-associated factor 2 (TRAF2). TRAF2 
can mediate the signal transduction from mem-
bers of the TNF receptor superfamily, and plays 
multiple roles in TNF receptor-induced signal-
ing to NF-κB, MAP kinases, and cell death12. 
Finally, we conducted ChIP-qPCR assays of the 
transcriptionally active regions of TRAF2 and 

TRIM37 identified by the ChIP-Seq data from 
Encode. We showed that RIBC2 commonly ac-
tivated TRIM37 expression by directly binding 
to its promoter region. Based on our investiga-
tions, we suggest that this variant plays an ini-
tial role in oncogenesis by notably altering the 
expression of RIBC2.

Patients and Methods

Cell Culture and Luciferase 
Reporter Gene Assays

HEK-293T cells were cultured in Dulbecco’s 
Modified Eagle’s Medium (DMEM; Hyclone, 
South Logan, UT, USA) with 10% fetal bovine se-
rum (FBS; Hyclone, South Logan, UT, USA) and 
appropriate antibiotics. The full-length wild-type 
(WT) 5’UTR sequence of RIBC2 was amplified 
from human genomic DNA and cloned upstream 
of hRluc in reconstructed psiCHECK-2 vector 
(Promega, Madison, WI, USA). Meanwhile, the 
vector reconstruction steps were given in sup-
plement. PCR-mediated mutagenesis was used 
to construct the mutant RIBC2 5’UTR sequence. 
For transfection investigations, 200 ng of each 
construct was introduced into cultured HEK-
293T cells using the Lipofectamine 2000 (Invit-
rogen, Carlsbad, CA, USA). After 24 h, cells were 
washed and lysed according to the manufactur-
er’s protocol (Promega, Madison, WI, USA). The 
activity of firefly luciferase (Hluc) and Renilla 
luciferase (hRluc) was measured on the VIC-
TOR x5 Multimode Plate Reader (Perkin-Elmer, 
Waltham, MA, USA) using the Dual-Luciferase® 
Reporter (DLR™) Assay System (Promega, Mad-
ison, WI, USA). Relative luciferase activity was 
measured by normalizing the activity against the 
Hluc luciferase.

Gene Expression Analysis
This investigation was approved by the local 

Research Ethics Committee and informed con-
sent was obtained from all participants. Peripheral 
blood was collected for DNA and RNA extraction 
from 30 unrelated individuals. Quantitative PCR 
was performed on a 7500 Real Time PCR Sys-
tem (Applied Biosystems, Foster City, CA, USA) 
using the GoTag® qPCR Master Mix (Promega, 
Madison, WI, USA). Total RNA of transfect-
ed HEK-293T cells was extracted with TRIzol® 
Reagent (Life Technologies, Gaithersburg, MD, 
USA). Reverse transcription was performed 
with a GoScript™ Reverse Transcription System 
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(Promega, Madison, WI, USA). The qPCR reac-
tions were carried out in 20 mL volumes contain-
ing 10 mL GoTaq® qPCR Master Mix, 1 mL of each 
cDNA sample, 200-300 nMol of each primer ac-
cording to their R-squared value and amplification 
efficiency, and Nuclease-Free Water bringing the 
total reaction volume to 20 mL. Thermal cycling 
consisted of denaturation (95°C for 30 s), anneal-
ing (60°C for 30 s), and extension (72°C for 25 s), 
performed in 40 cycle steps. A standard curve 
analysis for each candidate gene was done before 
the work. Hluc was used as the vector transcript 
for the normalization of PCR values, and glycer-
aldehyde-3-phosphate dehydrogenase was used as 
a negative control. qPCR analysis was repeated 
independently three times with triplicate techni-
cal samples. A two-tailed t-test was used to com-
pare the values of the target samples and the con-
trol samples. A p-value of p < .05 was considered 
statistically significant. Sequences of primers are 
listed in Table I.

Microarray Data Mining 
and Interacting Gene Prediction

To investigate the interactions and functions 
of RIBC2, we assessed the consequences of its 
overexpression in HEK-293T. Full-length cod-
ing sequences of RIBC2 were amplified from 
human coding DNA and inserted into the pCD-
NA3.1+-FLAG expression vector (Clontech, 
Mountain View, CA, USA). The candidate genes 
were predicted and selected from Protein-Protein 
Interaction Database (PrePPI: http://bhapp.c2b2.
columbia.edu/PrePPI) and Protein-Protein Interac-
tion Networks (STRING: http://string-db.org)13,14.

Microarray data were obtained from Gene 
Expression Omnibus (GEO). Seven types of can-
cer: 1. kidney renal clear cell carcinoma (KIRC); 
2. osteosarcoma (OS); 3. human breast cancer 
(BRCA); 4. hepatocellular carcinoma (HCC); 
5. ovarian serous cystadenocarcinoma (OV); 6. 
acute myeloid leukemia (AML), and 7. pancreatic 
adenocarcinoma (PAAD) were randomly chosen 
to investigate how the expression of RIBC2 af-
fects tumor tissues compared with normal tissues. 

GEO2R and in-house scripts were used to identify 
differentially expressed genes. The procedure had 
4 steps: 1. Scanning of basic information from the 
microarray data (including experiment informa-
tion, case/control, single/binary channel(s), and 
density of probes). 2. Normalization by cleaning 
the experiment background and unification with-
in groups. 3. Build a linear model to screen for 
differentially expressed genes using the Limma 
package downloaded from biocLite. 4. Affirm 
statistical significance by meeting the threshold 
(p < 0.05, Fold Change > 1, adj. p < 0.05). This 
method has previously been used to identify a 19-
gene expression signature that serves as a predic-
tor for survival in colorectal cancer15.

To identify the transcriptionally active re-
gions or the promoters of TRAF2 and TRIM37, 
ChIP-Seq data of H3K4me1 and H3K4me3 were 
downloaded from Encode, and the processed data 
were presented using IGV (Integrative Genomics 
Viewer) to analyze the binding peaks. ChIP as-
says were performed with the Simple ChIP Assay 
Kits (Cell Signaling Technology, Danvers, MA, 
USA). HEK-293 cells were first treated with 37% 
formaldehyde for 10 min at room temperature and 
subjected to ultrasonication on ice. The DNA-pro-
tein complex was immune-precipitated with the 
RIBC2 antibody (Abnova, 89207561, Taipei, Tai-
wan). The DNA fragments were then reversely 
released and amplified by specific PRC reactions. 
The primers used in the ChIP assays have been 
listed in Table I.

Results

Impact of Rs2272804 on Downstream 
Gene Expression

According to the RefSeq database, only one 
transcript (NM_015653) for RIBC2 was annotated, 
and the position of rs2272804 was chr22:45413743 
(GRCh38/hg38). The total length of the 5’UTR 
for NM_015653 was 196bp. The “C” allele of 
rs2272804 was marked as the reference allele 
while the “A” allele created an uORF with 111bp, 

Table I. The ChIP-qPCR primers used in this study.

	 5’Primers	 3’Primers

TRIM37	 CACTGAACTCCAGCCTGGG	 GAGGTAATGCTCTGCAACCGG
TRAF2	 ATGAACCTTCTGCACCAGGG	 ACTTCAGAGCCACACCCGTAG
NC1	 CATAACTGTAAATTTTCGCAGGA	 TACTTCGTGGTTTTCTAGCTT
NC2	 CCATCGGTACAGAATATGCTC	 TTGGCTCTCAATTTGACCAC
GAPDH 	 AGAAGGCTGGGGCTCATTTG 	 AGGGGCCATCCACAGTCTTC
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turning the non-uORF transcript into a transcript 
with only one uORF (Figure 1). Both mRNA and 
protein levels were measured to determine wheth-
er the existence of this uORF in the 5’UTR region 
of RIBC2 influenced the expression of the gene. 
The 5’UTR sequences with wildtype and mutant 
rs2272804 were inserted into the psiCheck2 plas-
mid and verified using Sanger sequencing. At the 
protein level, the activity of firefly luciferase (Hluc) 
and Renilla luciferase (hRluc) were measured. The 
Dual-Luciferase assays showed that the hRluc ac-
tivity (normalized using Hluc activity) dropped by 
about 85% after the “A” allele of rs2272804 was 
introduced, showing a significant inhibiting effect 
of the uORF-producing variant on post-transcrip-
tional regulation (p < 0.0001) (Figure 2A). Next, to 
investigate the impact of this variant on the mRNA 
levels, total RNA of transfected HEK-293T cells 
was extracted and reverse-transcribed into cDNA. 
Quantitative PCR was used to evaluate the CT val-
ues of hRluc genes between the wild-type and mu-
tant constructions (against Hluc expression). We 
found that the “A” allele of rs2272804 led to a de-
crease in mRNA level by about 20% (p = 0.0205) 
(Figure 2B).

Population Studies on Rs2272804
To investigate the in-vivo expression of RIBC2 

in both heterozygous and homozygous genotypes 
of rs2272804, peripheral blood samples from 30 
healthy participants were used. A pair of primers 
were designed to amplify the 5’UTR sequence 
of RIBC2, and the genotypes of rs2272804 were 
identified by sequencing (Figure 1). We identified 
4 C/C homozygous, 15 A/C heterozygous, and 11 
A/A homozygous samples, which was comparable 
with the frequencies recorded in dbSNP (A:C allele 
ratio = 0.539:0.461 in Asian populations). A Hardy 
Weinberg Equilibrium was performed on this SNP 
using Package “genetics” in R (Version: 3.5.1), 
and it passed the HWE-test (p = 0.6973). Further-
more, the mRNA levels of RIBC2 were measured 
by the Reverse Transcription-Polymerase Chain 
Reaction (RT-PCR) and were consistent with the 
in-vitro results of Dual-Luciferase studies (Figure 
2B). The results showed that the in-vivo expression 
of RIBC2 was significantly different among these 
three groups (C/C, C/A, and A/A) normalized to 
the expression of GAPDH. The A/A homozygous 
samples had the lowest mRNA levels of RIBC2 
while the C/C homozygous samples, whose 5’UTR 

Figure 1. Rs2272804 created a fully upstream open reading frame on the 5’UTR of RIBC2. A, Sanger sequencing results of wild 
type, heterozygote, and homozygote of rs2272804; B, Atlas of structure in wild-type and mutant rs2272804 showed that the C > A 
mutation created the only uORF in 5’UTR of RIBC2.

A B
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of RIBC2 was not embedded with any uORF, 
exhibited the highest mRNA levels on average 
(Figure 3). The inhibiting effect of the “A” allele 
was significant in homozygous and heterozygous 
groups (C/C-A/A p < 0.0001, C/C-C/A p < 0.0001, 
C/A-A/A p = 0.0005). 

RIBC2 Expressions in Diverse Types
 of Cancer and its Interacting Genes

Since RIBC2 was not characterized well and 
our luciferase works showed that rs2272804 led to 
a reduction of RIBC2 expression at both mRNA 
and protein levels. We focused on whether the al-
teration in expression of RIBC2 was associated 
with oncogenesis. The expression values of RIBC2 

in 7 types of cancer, above-mentioned, were eval-
uated using the open-source microarray data from 
GEO datasets. To avoid experimental bias from 
undersized sample space, we chose the series of 
works with no fewer than 20 samples. We found 
that RIBC2 was significantly up-regulated in 
BRCA (p < 0.0001) and down-regulated in OV (p 
< 0.0001) and KIRC (p = 0.0004) (Figure 4). The 
normalized expression of RIBC2 for each sample 
is shown in Figure 5. Next, genes that interact with 
RIBC2 were explored with in-silico studies and, 
using the STRING website and the PrePPI database 
(Figure 6, Table II), TRAF2, TRIM37, VIM, and 

Figure 2. The impact of the rs2272804 variant on the transcriptional and translational levels of luciferase activities.

A B

Figure 3. The differences in RIBC2 mRNA levels among in-
dividuals with CC, AA, and CA genotypes in rs2272804.

Figure 4. The expression of RIBC2 among 7 different tumor 
tissues and normal tissue. RIBC2 is up-regulated in BRCA 
while it’s down-regulated in OV.
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UBASH3B were selected as candidates that might 
interact with RIBC2. For experimental validation, 
full-length coding sequences of RIBC2 were syn-
thesized and cloned into the pCDNA3.1+-FLAG 

expression vector, and that plasmid was transfect-
ed into HEK293T for overexpression. The overex-
pression of RIBC2 led to significant up-regulation 
of TRIM37 (p = .0491) and down-regulation of 

Figure 5. Relative RIBC2 expression in seven candidate tumors.

A

E F G

B C D

Figure 6. RIBC2 protein interaction network 
from STRING.
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TRAF2 (p = 0.0096) normalized to the expression 
of GAPDH, while the expressions of VIM and 
UBASH3B remained stable despite the over-ex-
pressing of RIBC2 (Figure 7). The qPCR primers 
were designed for the binding peaks of H3K4me1 
and H3K4me3 on TRIM37 and TRAF2 (Figure 
8A). The ChIP-qPCR assays indicated significant 
enrichment of RIBC2 on the promoter region of 
TRIM37 (Figure 8B). 

Discussion

Identifying functional variants in untrans-
lated regions is challenging, uORF-altering mu-
tations, however, are a critical factor affecting 
the translation efficiency of their downstream 
main ORFs and the expression of genes. To date, 
both common or rare variants that create or re-
move uORFs, or in-frame AUG codons, have 
been reported to lead to an altered phenotype16,17. 
This highlights the importance of the compre-
hensive annotation of variants in 5’UTR from 
SNP databases produced by high-throughput 
sequencing technologies. In this work, we ex-
plored a common variant in RIBC2, rs2272804, 
whose function has been poorly reported. The 
“A” allele, which creates the only uORF in the 
5’UTR region of RIBC2, has shown great diver-
sity in its frequency among different races. The 
high incidence of that variant, which acts as a 
major inhibitor of RIBC2 expression, indicates 
that post-transcriptional regulation of this gene 
is widely-occurring in healthy individuals. This 
enables us to draw the conclusion that RIBC2 
expression varies greatly among people based on 
their rs2272804 genotype. This has been partly 
verified by our population studies using qPCR 
assays. According to the Dual-Luciferase assays, 
the protein levels and the mRNA levels of RIBC2 
are both reduced when an uORF occurred in the 
5’UTR region. Johnstone et al18 have shown that 
transcripts with uORFs tended to have lower 
mRNA levels than those with none. The protein 
levels of RIBC2 are expected to drop more than 

Table II. Interacting genes with RIBC2 predicted from PrePPI.

Uniprot_id	 Gene_name	 PrP	 Max_S	 OR	 EP	 PR	 Pred_Score	 Exp_Score	Final_Prob

Q12933	 TRAF2	 15.9043	 15.9043	 0	 2.013	 2.1077	 67.4788	 4625.64	 0.998
O94972	 TRIM37	 15.9043	 15.9043	 0.5125	 2.013	 2.1077	 34.5829	 4625.64	 0.996
Q15834	 CCDC85B	 0	 0	 0	 0	 0	 0	 4625.64	 0.885
Q8WXE1	 ATRIP	 0	 0	 0	 0	 0	 0	 4625.64	 0.885
Q9Y2I6	 NINL	 0	 0	 0	 0	 0	 0	 4625.64	 0.885
P19012	 KRT15	 0	 0	 0	 0	 0	 0	 4625.64	 0.885
P14136	 GFAP	 0	 0	 0	 0	 0	 0	 4625.64	 0.885
Q96BY9	 TMEM66	 0	 0	 0	 0	 0	 0	 4625.64	 0.885
Q5JR59	 MTUS2	 0	 0	 0	 0	 0	 0	 4625.64	 0.885
Q9NSU2	 TREX1	 0	 0	 0	 0	 0	 0	 4625.64	 0.885
P14923	 JUP	 0	 0	 0	 0	 0	 0	 4625.64	 0.885
P08670	 VIM	 0	 0	 0	 0	 0	 0	 4625.64	 0.885
P36406	 TRIM23	 0	 0	 0	 0	 0	 0	 4625.64	 0.885
O95967	 EFEMP2	 0	 0	 0	 0	 0	 0	 4625.64	 0.885

Figure 7. The overexpression of RIBC2 altered the expression 
of TRAF2 and TRIM37. The candidate genes for potential in-
teraction with RIBC2 were identified by STRING.
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the mRNA levels. The results of in-vitro stud-
ies on the function of ‘A’ and ‘C’ alleles (with or 
without uORF) using Dual-Luciferase and qPCR 
assays are consistent with the RIBC2 quantifica-
tion from the population research. 

Due to the diversity in RIBC2 expression, we 
attempted to find out whether its expression level 
was correlated with the development or progres-
sion of cancer. Therefore, the microarray data 
from 7 types of cancer (kidney renal clear cell 
carcinoma (KIRC), osteosarcoma (OS), human 
breast cancer (BRCA), hepatocellular carcino-
ma (HCC), ovarian serous cystadenocarcinoma 
(OV), acute myeloid leukemia (AML), and pan-
creatic adenocarcinoma (PAAD)) were retrieved 
for a systematic identification of differentially ex-
pressed genes (DEGs). The RIBC2 expression was 
significantly up-regulated, or down-regulated, in 
OV, KIRC, and BRCA. However, considering the 
high incidence of rs2272804, the moderate chang-
es may be explained by the different distributions 
of the variant among these patients. More effort 
towards understanding the genetic background of 
the recruited individuals is needed to fully under-
stand the expression of RIBC2 in different cancer 
types. Substantial attempts have been made to 
elucidate the relation between the common SNPs 

and a number of specific diseases19,20. Therefore, 
further functional studies should be carried out 
to confirm whether the accumulation of the com-
mon SNPs alters the expression of these genes, 
potentially influencing the physiological states 
of their carriers, leading to an increased risk for 
known diseases. In summary, first, we reported 
on a functional variant in RIBC2 with a strong 
inhibition effect on protein expression but a rela-
tively modest effect on mRNA levels. Moreover, 
a population study was carried out for genotyping 
and evaluating the mRNA levels of RIBC2, which 
showed trends consistent with the Dual-Lucifer-
ase researches. Besides, expression in seven types 
of cancer was examined, and RIBC2 was found 
to be up-regulated in OV and down-regulated 
in BRCA and KIRC. Finally, the overexpression 
of RIBC2 leads to a change in expression of the 
oncoprotein TRIM37 and the down-regulation of 
TRAF2, which is associated with signal transduc-
tion from members of the TNF receptor super-
family. However, according to the ChIP-qPCR re-
sults, the regulation of TRAF2 when altering the 
expression of RIBC2 might be indirect. Of note, 
TRIM37 plays an important role in a great diver-
sity of cancers. In fact, TRIM37 promoted cell 
migration and metastasis in hepatocellular carci-

Figure 8. Data mining results 
from Encode to identify the tran-
scriptionally active regions of 
TRAF2 and TRIM37 and the ex-
ploration of the regulatory role of 
RIBC2 on TRAF2 and TRIM37.
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noma by activating the Wnt/β-catenin signaling. 
Also, it is a new histone H2A ubiquitin ligase and 
breast cancer oncoprotein11,21. Thus, the present 
work provides some insights into a functional, but 
common, variant in RIBC2, as well as a prelimi-
nary exploration of its potential roles in cancers.

Conclusions

We identified a common variant that exerts a 
significant impact on expression efficiency and 
provided further functional insights into RIBC2.
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