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Abstract
AIM: To evaluate the risk associated with variants of 
the UNC5C  gene recently suspected to predispose to 
familial colorectal cancer (CRC). 

METHODS: We screened patients with familial CRC 
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forms as well as patients with sporadic CRCs. In a first 
time, we analyzed exon 11 of the UNC5C gene in 120 
unrelated patients with suspected hereditary CRC, 58 
patients with suspected Lynch-associated cancer or pol-
yposis, and 132 index cases of Lynch syndrome families 
with a characterized mutation in a DNA mismatch re-
pair (MMR). Next, 1023 patients with sporadic CRC and 
1121 healthy individuals were screened for the variants 
identified in patients with familial cancer.

RESULTS: Of 120 patients with familial CRC of un-
known etiology, one carried the previously reported 
mis-sense mutation p.Arg603Cys (R603C) and another 
exhibited the unreported variant of unknown signifi-
cance p.Thr617Ile (T617I). The p.Ala628Lys (A628K) 
mutation previously described as the main UNC5C risk 
variant for familial CRC was not detected in any cases 
of familial CRC of unknown etiology, but was present in 
a patient with familial gastric cancer and in two Lynch 
syndrome patients in co-occurrence with MMR muta-
tions. A statistically non-significant increase in cancer 
risk was identified in familial CRC and/or other Lynch-
associated cancers (1/178 patients vs  2/1121 healthy 
controls, OR = 3.2, 95%CI: 0.29-35.05, P  = 0.348) and 
in sporadic CRCs (4/1023 patients vs  2/1121 healthy 
controls, OR = 2.2, 95%CI: 0.40-12.02, P  = 0.364).

CONCLUSION: We confirm that UNC5C  mutations 
are very rare in familial and sporadic CRCs, but further 
investigations are needed to justify routine UNC5C test-
ing for diagnostic purposes.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: UNC5C was recently described as a new gene 
potentially predisposing to familial forms of colorectal 



totypical netrin-1 receptor DCC (deleted in colorectal 
cancer), the expression of  UNC5C is lost or markedly 
reduced in a large proportion of  cancers[9-11], especially 
in colorectal cancer, because of  a loss of  heterozygosity 
or promoter methylation occurring within the UNC5C 
gene[12-16]. Inactivation of  UNC5C would not only con-
tribute to tumor progression, but also to the initiation 
of  CRC formation. This suggests that UNC5C is likely 
to be a tumor suppressor[13,14], and consequently, that its 
inactivation could be considered as a selective advantage 
for tumor cells.

Using a candidate gene strategy, Coissieux et al[5] iden-
tified putative high-penetrance risk alleles that almost 
completely co-segregated with disease phenotype in sev-
eral families with forms of  colorectal cancers of  hitherto 
unknown etiology. Moreover, by screening individuals 
with a form of  CRC distinct from Lynch syndrome, 
familial polyposis or hamartomatous syndromes, Mehlen’s 
team identified four putative pathogenic substitutions 
in UNC5C (NCBI accession number NM_003728), 
including one in exon 7 c.1057G>A/p.Asp353Asn 
(D353N) and three in exon 11 [c.1807C>T / p.Arg603Cys 
(R603C), c.1882_1883GC>AA/p.Ala628Lys (A628K), 
and c.1888C>G/p.Gln630Glu (Q630E)][5]. No statisti-
cally significant differences in frequencies were observed 
between probands and controls for D353N, R603C, and 
Q630E, and the effects on CRC risk were even discor-
dant for exon 7 variant D353N between the French and 
American sub-populations of  the study[5]. For this reason, 
the authors focused the majority of  their study on vari-
ant A628K, which is located in the region coding for an 
intracellular ZU-5 domain that is essential for the pro-
apoptotic activity of  UNC5C[17,18]. They based their dem-
onstration of  a genetic predisposition essentially on two 
points: (1) the co-segregation of  the variant with cancer-
ous phenotypes in families with CRC, thus postulating an 
autosomal dominant mode of  inheritance; and (2) the in 
vitro alteration of  the pro-apoptotic function of  UNC5C 
in the absence of  netrin-1. In addition, the authors noted 
a higher frequency of  the A628K variant in the patient 
population than in a control population. From these ob-
servations, Coisseux et al[5] inferred a major role of  the 
UNC5C gene in the predisposition to familial forms of  
CRC. Given the small number of  patients concerned by 
this potentially novel clinical parameter, which resulted 
in a lack of  statistical significance, the authors recom-
mended that other teams replicate their study in samples 
from independent patient populations.

In order to address the question of  the diagnostic 
potential of  UNC5C suggested by Coissieux et al[5], we 
implemented a two-stage study to evaluate the role of  
UNC5C in the predisposition to CRC. More specifi-
cally, we focused on exon 11 of  the UNC5C gene, which 
codes for the ZU-5 domain and contains A628K, the 
only variant found to significantly increase CRC risk in 
the French population studied by Coissieux et al[5]. We 
started by examining familial forms of  cancer; we sought 
to find UNC5C variants in patients who had undergone 
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cancer (CRC). In order to evaluate the risk of CRC as-
sociated with the variants of UNC5C exon 11 suggested 
to underlie this predisposition, we screened both pa-
tients with familial CRC forms of hitherto unknown 
etiology, and patients with sporadic CRCs. Overall, we 
confirm that UNC5C mutations are very rare in familial 
and sporadic forms of CRC. Further identifications of 
families with UNC5C  mutations are needed to justify 
routine UNC5C testing in patients with CRC or gastric 
cancer for potential genetic counseling purposes.
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INTRODUCTION
Among the common cancerous diseases, colorectal can-
cer (CRC) is the second most frequently diagnosed and 
the second leading cause of  death in developed countries, 
after breast cancer[1]. Approximately 70% of  colorectal 
cancers are sporadic cases caused by additive/multiplica-
tive effects of  numerous genetic and environmental low-
risk factors. The remaining 30% of  cases are inherited 
forms of  the disease caused by highly penetrant germline 
mutations in single genes[2]. So far, very few clinically 
well-characterized familial forms of  CRC have been asso-
ciated with highly penetrant germline mutations, account-
ing for less than 6% of  overall CRC cases such as Lynch 
syndrome with mutations in MMR genes (MLH1, MSH2, 
MSH6 and PMS2), Familial adenomatous polyposis (FAP) 
and attenuated FAP associated with mutations in APC, 
the MUTYH-associated polyposis with biallelic mutations 
in MUTYH, Peutz-Jegher syndrome with mutations in 
STK11, and juvenile polyposis syndrome with mutations 
in SMAD4 or BMPR1A[3,4]. Thus, most inherited CRCs, 
i.e., about 20%-30% of  overall CRCs, are of  unknown 
etiology, suggesting that multiple cancer loci with high 
penetrance variants may not yet have been discovered.

The finding reported recently by Coissieux et al[5] fits 
well with this scheme of  missing heritability[6]. In their 
article, the authors highlighted UNC5C as a new gene 
potentially predisposing to familial forms of  CRC[5]. 
UNC5C is a member of  the UNC5H family of  trans-
membrane receptors and functions as a dependence 
receptor. UNC5C induces apoptosis when unbound to 
its specific ligand, the laminin-related secreted protein 
netrin-1, whereas its pro-apoptotic properties are con-
versely inhibited when it is bound to netrin-1, in which 
case UNC5C transmits positive signals of  prolifera-
tion and migration[7]. This activity is the hallmark of  all 
known netrin-1 receptors (UNC5A, UNC5B, UNC5C, 
UNC5D and DCC) and is thought to be a safeguard 
mechanism against tumor development[8]. Like the pro-



prior routine screening for Lynch syndrome predisposi-
tion. One third of  the patients exclusively presented a 
familial CRC of  unknown etiology, thereby meeting the 
clinical criteria used by Coissieux et al[5]. The remaining 
two thirds consisted of  two subgroups of  patients; one 
that presented with cancer that fell within the spectrum 
of  Lynch syndrome, albeit with no mutation in MMR 
genes, and the other that presented with Lynch syndrome 
with a known germline mutation in an MMR gene. We 
decided to extend our investigation to these two sub-
groups because we were intrigued by the number of  dif-
ferent cases of  cancer other than CRC displayed by the 
families reported by Coissieux et al[5], with several patients 
affected by at least two types of  cancer. In the second 
stage of  our study, we tested patients and healthy con-
trols from the ASTERISK population[19,20] to evaluate the 
possible role of  UNC5C in the susceptibility to sporadic 
CRC. Taken together, the results we report here tend to 
challenge the hypothesis put forward by Mehlen’s team 
concerning the pivotal role of  UNC5C in the predisposi-
tion to familial forms of  CRC.

MATERIALS AND METHODS
Patients with familial colorectal or Lynch-associated 
cancers
The 310 unrelated patients included in the first stage of  
our study had all been previously screened and/or tested 
for Lynch syndrome predisposition by the Oncogenetic 
Laboratory within the Medical Genetics Department of  

the Nantes University Hospital (CHU de Nantes). They 
had all been recruited upon suspicion of  a familial form 
of  cancer, as they belong to families that meet either the 
criteria of  the revised Bethesda guidelines (for patients 
included after 2007) or the criteria of  Amsterdam Ⅰ or Ⅱ 
(for a few families of  patients included before 2007)[21-23]. 
All probands were of  Caucasian origin and had given 
informed consent for the genetic investigation of  their 
predisposition to cancer. They provided a peripheral 
blood sample that was used for genomic DNA extrac-
tion with either the Nucleon BACC2 GE Healthcare® kit 
(GE Healthcare Bio-Sciences AB, Uppsala, Sweden), or 
the QuickGene DNA Whole Blood kit L (FujiFilm Life 
Sciences®, Tokyo, Japan). Whenever the patient’s tumor 
was available, MMR deficiency was screened by immuno-
histochemistry (IHC) and replication error (RER) pheno-
type analyses of  MLH1, MSH2 and MSH6. Every time 
an MMR deficiency was suspected, the exons and intron/
exon boundaries of  the MLH1, MSH2, MSH6 and/or 
PMS2 genes were sequenced by Sanger technology and 
checked for large rearrangements by Multiplex ligation-
dependent probe amplification.

According to clinical features, IHC, RER and se-
quencing results, patients were classified into three sub-
groups detailed in Table 1, from which familial polyposis 
and hamartomatous polyposis syndromes were excluded.

Patients with sporadic CRC and controls
A total of  1023 patients and 1121 healthy controls were 
tested. All patients had originally been recruited from 
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Table 1  Patients with familial colorectal or Lynch-associated cancers included in the study

Patients with CRC 
(fulfilling Amsterdam 
Ⅱ and/or Bethesda 

criteria)

Patients with family history of CRC and 
personal history of colorectal polyposis 

or of cancer in the Lynch syndrome 
tumor spectrum

Patients with Lynch syndrome (with 
identified MMR mutation or variant 

of unknown significance)

Total number of patients 120  581 132
   MSI   50 13 132
   MSS   37 16     0
   Unknown   33 29     0
Revised Bethesda criteria   97 17 132
   MSI   38   4 132
   MSS   31   3     0
   Unknown   28 10     0
Amsterdam Ⅱ criteria   41 15 ND
   MSI   14   4
   MSS   14   3
   Unknown   13   8
First-degree relatives with CRC   23 13 ND
   MSI   12   3
   MSS     6   3
   Unknown     5   7
Polyps (> 10 polyps)     0   0     0
Polyps (≤ 10 polyps) at age < 50 +/- first-
degree relatives with polyps, MUTYH-negative

    0 41 ND

   MSI   9
   MSS 13
   Unknown 19

1Including 35 patients with personal history of colorectal polyposis and 23 patients with personal history of cancers included in the Lynch syndrome tumor 
spectrum (peritoneal carcinomatosis, oligoastrocytoma, endometrial carcinoma, gastric adenocarcinoma, or duodenal adenocarcinoma). CRC: Colorectal 
cancer; MSI: Microsatellite instability; MSS: Microsatellite stable; ND: Not data; MMR: Mismatch repair.
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Coissieux et al[5]. Each DNA with a variant HRM profile 
was sequenced for confirmation following the above pro-
tocol. Detailed PCR conditions are available upon request. 

Statistical analysis
The associations between UNC5C variants and risk for 
colorectal cancer were determined by calculating OR, 
95%CI, and P values using the conditional maximum 
likelihood estimation (Fisher).

RESULTS
None of  the 120 familial CRC patients included in our 
study who strictly matched Coissieux et al[5]’s clinical cri-
teria were found to carry the main variant A628K, i.e., 
the variant with the most conclusive anti-apoptotic effect 
described by the authors (Figure 1). On the other hand, 
A628K was encountered in one of  our patients who pre-
sented a gastric adenocarcinoma (Figure 1 and Family 1 
in Figure 2). Oddly enough, this patient had three first-
degree relatives with a gastric cancer, but no reported 
family member with colorectal polyps or adenocarci-
noma. The only relative who could be tested here was the 
propositus’s sister, who was also found to be heterozy-
gous for the variant. However, the gastric linitis plastica 
she had developed was a histologically different type of  
cancer compared to that of  her brother, in whom CDH1 
had been ruled out by molecular analysis.

The two cases of  familial CRC from our study that 
presented the A628K variant were Lynch syndrome with 
characterized variants in MMR genes (Figure 1; Families 2 
and 3 in Figure 2). In patient Ⅱ.3 from family 2, UNC5C 
A628K co-occurred with a deleterious non-sense muta-
tion of  MSH2 c.1861C>T (p.Arg621*), which has been 
reported several times in the national UMD-MSH2 mu-
tations database (http://www.umd.be/MSH2/) and in 
the International Society for Gastrointestinal Hereditary 
Tumours database (http://www.insight-group.org/muta-
tions/). In patient Ⅱ.2 from family 3, UNC5C A628K 
was found in co-occurrence with the variant of  unknown 
significance (VUS) MLH1 c.1754T>G (p.Leu585Arg) 
that has also been reported in specific MMR databases. 
Despite its almost perfect co-segregation with the can-
cer phenotype in this particular family, this MLH1 vari-
ant could not be classified as likely pathogenic or even 
definitely pathogenic because the endometrial tumor in 
patient Ⅱ.2’s sister was found to be microsatellite stable 
(MSS).

While the segregation study was not very informa-
tive in family 2, an absence of  a co-segregation of  the 
UNC5C A628K variant with cancer phenotype was 
observed in family 3 (Figure 2). On one hand, the pro-
positus’s three siblings Ⅱ.12, Ⅱ.11 and Ⅱ.6, who were 
57, 59 and 68 years of  age, were heterozygous for variant 
A628K and were all asymptomatic. On the other hand, 
the two siblings who were non-carriers of  the UNC5C 
variant, Ⅱ.13 and Ⅱ.3, developed respectively two 
colorectal cancers at 41 and 55 years of  age, and an en-

the Pays de la Loire region in France between December 
2002 and March 2006 as part of  the French Association 
Study Evaluating RISK for sporadic colorectal cancer 
(ASTERISK)[19,20]. Ethics approval was granted for this 
study by the local (Comité Consultatif  de Protection 
des Personnes dans la Recherche Biomédicale) and na-
tional (Commission Nationale de l’Informatique et des 
Libertés) ethics committees. After a clear explanation of  
the research protocol by a physician, a written informed 
consent was obtained from each participant, who there-
after provided a blood sample that was used for genomic 
DNA extraction with the Nucleon BACC2 GE Health-
care® kit (GE Healthcare Bio-Sciences AB, Uppsala, 
Sweden). Eligibility criteria were: Caucasian origin, age at 
diagnosis ≥ 40 years and absence of  family history of  
colorectal cancer or polyps. Cases were patients who had 
their first primary colorectal cancer diagnosed in one of  
the six public hospitals and five clinics located in the Pays 
de la Loire region that participated in the study. Cases 
were confirmed based on medical and pathology reports. 
Age- and sex-matched controls were recruited at two 
Health Examination Centers within the Pays de la Loire 
region, and the recruitment of  controls ≥ 70 years of  
age was completed in the Departments of  Internal Medi-
cine and Hepatogastroenterology of  the Nantes Univer-
sity Hospital, located in the same region. Controls were 
eligible to participate if  they were Caucasian, ≥ 40 years 
of  age, and had no family history of  colorectal cancer or 
polyps. Each participant filled out a standardized ques-
tionnaire on family information, medical history, lifestyle 
and dietary intake.

UNC5C exon 11 genotyping
Genotyping was performed by automated Sanger se-
quencing in the 310 familial cases of  cancer. The same 
strategy was also used in 300 healthy controls randomly 
chosen from the ASTERISK population. Genomic 
DNAs were amplified by Polymerase Chain Reaction 
(PCR with Platinum® Taq DNA Polymerase (Life Tech-
nologies, Saint Aubin, France), using forward primer 
5’-GAAGCCATTCTCTGCTCTCC-3’ and reverse 
primer 5’-CATGGATTATTCTTGCATAGC-3’. PCR 
products were sequenced using ABIPRISM BigDye Ter-
minator 1.1 Cycle Sequencing Ready Reaction (Applied 
Biosystems®, Courtaboeuf, France), and data were ana-
lyzed with the ABI PRISM 3130XL Genetic Analyzer and 
SeqScape® Software v2.5 (PE Applied Biosystems®, Fos-
ter City, CA). In the remaining individuals from the AS-
TERISK population, i.e., 1,023 patients and 821 healthy 
controls, genotyping of  exon 11 was performed by High 
Resolution Melting (HRM), using the LightCycler® 480 
High Resolution Melting Master (Roche Diagnostics, 
Meylan, France). The primers utilized (5’-GTCGTCCT-
CACTATGCATCAC-3’ and 5’-CTTTATCCCGACAG-
CAGCTC-3’) detected only the two variants of  exon 11 
found by sequencing (A628K and Q630E). In order to 
enable optimum variant detection, variant R603C was not 
tested, given its absence in the French patients studied by 
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dometrial cancer at 41 years of  age.
Since no patients with a hitherto molecularly unex-

plained CRC were found to carry the A628K variant 
alone, risk calculation for CRC only was not possible. 
Nonetheless, by comparing A628K distribution between 
ASTERISK healthy controls and patients with familial 
colorectal or other Lynch-associated forms of  cancer, 
we observed a non-significant increase in risk for cancer 
of  the Lynch syndrome spectrum (OR = 3.2, 95%CI: 
0.29-35.05, P = 0.348; Table 2). Even when considering 
molecularly unexplained cancer cases in combination with 
familial CRC cases with a known MMR mutation, the 
association of  A628K with cancer risk did not achieve 
statistical significance (OR = 5.5, 95%CI: 0.91-32.87, P 
= 0.063). Further investigations in sporadic CRC cases 
from ASTERISK indicated a non-significant increase in 
risk of  A628K for CRC (OR = 2.2, 95%CI: 0.40-12.02, P 
= 0.364; Table 2), which is very similar to the risk calcu-
lated in the US cohort included in Coissieux et al[5]’s study, 
with the difference that patients from this cohort had a 
familial form of  CRC.

Two UNC5C variants were found in patients with 
CRC of  hitherto unknown etiology: D353N in patient 
Ⅲ.3 of  family 4 and c.1850C>T/p.Thr617Ile (T617I) in 
patient Ⅱ.1 of  family 5 (Figure 2). No segregation study 
could be done in their respective families, in the absence 
of  available samples and/or compliant relatives. To date, 
variant T617I has never be reported in any of  the known 
mutations, neither in the dbSNP (http://www.ncbi.nlm.
nih.gov/projects/SNP/) nor in the Exome Variant Serv-
er (http://evs.gs.washington.edu/EVS/). According to 
the bioinformatic programs embedded in Alamut® soft-
ware (Interactive Biosoftware, Rouen, France), including 
Align GVGD, Polyphen-2, SIFT and MutationTaster, 
amino acid 617 of  UNC5C is conserved across mamma-
lian species and a change in the protein would be benign.

Because a study limited to the A628K variant might 
be too restrictive, we estimated the risk for cancer as-

sociated with heterozygosity for any of  the four variants 
R603C, T617I, A628K, and Q630E, i.e., the UNC5C 
exon 11 variants described by Coissieux et al[5] plus the 
novel T617I variant identified in our study. Specifically, 
we compared distribution of  these variants in the familial 
cases of  our study with that of  the individuals from the 
NHLBI Exome Sequencing Project (ESP), assuming that 
Caucasian ESP individuals are genetically similar to our 
ASTERISK healthy control individuals. Even though we 
observed an increase in the risk of  familial CRC without 
MMR mutations for subjects with any of  the four vari-
ants (OR = 2.0, 95%CI: 0.47-8.20, P = 0.361; Table 2), 
the association was not statistically significant.

DISCUSSION
The present study was conducted to replicate recent pub-
lication findings of  a major role for the UNC5C gene in 
the predisposition to familial forms of  colorectal cancer 
of  hitherto unknown etiology[5]. In the first stage of  our 
study, we attempted to determine if  the high CRC risk 
conferred by UNC5C variants could be confirmed in 
familial forms of  CRC in our study. We focused on exon 
11 of  the gene, which codes for the intracellular ZU-5 
domain, because this exon contains three of  the four 
variants shown by Coissieux et al[5] to significantly alter 
the pro-apoptotic activity of  UNC5C.

At least four of  our observations diverge from those 
made by Coissieux et al[5], which weakens the hypothesis 
of  a familial CRC predisposition due to UNC5C: (1) 
A628K was found in a family with gastric cancer (family 
1); (2) A628K co-occurred with mutations in MMR genes 
(families 2 and 3); (3) A628K did not co-segregate with 
cancer phenotypes (family 3); and (4) no exon 11 variant 
was significantly associated with CRC risk.

Of  interest, we found A628K mutation in a family 
with history of  gastric carcinoma. This possible associa-
tion between the new tissue location and A628K concurs 

120 patients with familial 
CRC of unknown etiology

Stage 1 
(familial cancers - 310 patients)

58 patients with Lynch 
syndrome-associated 

cancers (35) or polyposis 
(23) of unknown etiology

132 patients with Lynch 
syndrome with mutation 
or VUS in a MMR gene

Sub-group 1 Sub-group 2 Sub-group 3

0/120 A628K
1/120 R603C
1/120 T617I

1/58 A628K
(stomach cancer)

2/132 A628K

1023 patients with sporadic CRC 1121 healthy controls

4/1023 A628K 2/1121 A628K

Stage 2
(sporadic cancers)

Figure 1  Flowchart of search strategy and results. The numbers of exon 11 UNC5C variants found are reported for each sub-group of individuals included in the 
study. CRC: Colorectal cancer; MMR: Mismatch repair; VUS: Variant of unknown significance.
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with Coissieux et al[5]’s observation of  several forms of  
cancer in the index cases or their relatives in their study, 

which can be explained by the extended inclusion criteria 
used in our study. We indeed followed the Amsterdam Ⅰ, 

Ⅱ

Ⅲ

41 2 3 5 6 7 8

Stomach 64
UNC5C A628K

Stomach 63
UNC5C A628K

Breast 52Stomach 
39

Stomach 48

1 2

41 2 3 5 6

76 89 51 55 Endometrial
50

CRC 72 72
CRC 70

Polyps 60
MSH2 R621X
UNC5C A628K

56
MSH2 WT
UNC5C WT

41 2 3

41 2 3

CRC 36 CRC 27 32 MSH2 WT
UNC5C A628K

Ⅱ

Ⅲ

Family 1
Ⅰ

Ⅰ

Family 2

Ⅲ

Ⅱ

Ⅰ

Family 3

76
CRC 32

MLH1 L585A
UNC5C 
A628K

74
Endometrial 

41
MLH1 L585A
UNC5C WT

68
MLH1 WT
UNC5C 
A628K

CRC 36 63
MLH1 WT
UNC5C WT

CRC 44 59
MLH1 WT
UNC5C 
A628K

57
MLH1 WT
UNC5C 
A628K

CRC 41, 55
MLH1 
L585A

UNC5C WT

Breast

41 2 3 5 6 7 8 9 10 11 12 13 14 15

Thyroid

1 2 3

98 Stomach Prostate Stomach

1 2 43 5 6,7

41 2 3

41 2 3

1 2 3

1 2

CRC 38
polyps

UNC5C R603C

CRC 45
polyps

Polyps CRC
polyps

Ear, nose,
throat

Family 4

Ⅱ

Ⅲ

Ⅰ

Ⅳ

41 2 3 5

1 2

Breast 76 CRC 68 CRC 65 74
CRC 70

UNC5C T617I

Polyps 51

1 2 3

Colorectal cancer

Lynch-associated cancer

Ⅱ

Ⅲ

Ⅰ

Family 5

Figure 2  Pedigrees of the French families the proband of which was found to carry exon 11 UNC5C variant A628K (families 1-3), R603C (family 4) or T617I 
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are noted below their respective symbols. The absence of any genotype means that no DNA sample was available for testing. CRC: Colorectal cancer; WT: Wild-type 
genotype.
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Ⅱ or Bethesda guidelines[21-23] for Lynch syndrome 
screening, which include tumor sites encompassed by the 
clinical spectrum of  Lynch syndrome (stomach, endo-
metrium, etc.). Moreover, a down-regulation of  UNC5C 
expression has already been reported in multiple forms 
of  cancer, e.g., breast, ovary, uterus, stomach, lung and 
kidney cancers[12] and UNC5C methylation has been re-
ported in gastric carcinomas[24].

Surprisingly, A628K was identified only in two Lynch 
syndrome cases with mutations previously identified 
in MMR genes. This fortuitous finding in two differ-
ent families further complicates the interpretation of  a 
possible association between UNC5C variants and risk 
of  CRC, i.e., the co-segregation study is informative in 
only one family and no genotype-phenotype correlation 
was observed. Of  course, the lack of  co-segregation be-
tween A628K and cancer phenotype is not sufficient to 
definitively invalidate the hypothesis of  a genetic predis-
position according to a dominant mode of  inheritance, 
considering likely phenocopies and low penetrance. It is 
also possible that carriers of  the variant may have not yet 
developed any cancer. In fact, a heterozygous mutation in 
a predisposition gene greatly increases the probability of  
developing a cancer at an early age, but it does not mean 
that carriers of  this mutation will necessarily develop 
a malignancy before 50-60 years of  age. In contrast, as 
regard to the already known high-penetrance CRC pre-
disposition genes, the likelihood of  finding three asymp-
tomatic carriers as well as two non-carriers affected with 
early onset cancer in the same family is relatively small. 
For instance, in Lynch syndrome, the cumulative risk of  
developing a CRC is 30%-80% in MMR mutations car-
riers and the mean age at CRC onset is 45 years[25]. It is 
also worth noting that co-segregation between A628K 
and CRC was not perfect in the families studied by Cois-
sieux et al[5]. For example, at least one non-carrier, albeit 
with CRC, was found in each family, whereas a 64-year 
old carrier was reported as asymptomatic, underlining the 
aforementioned problem of  phenocopies and suggesting 

that the penetrance of  the variant may not be as high as 
originally thought.

In our study, we were not able to replicate the mar-
ginally significant association for an increase in CRC risk 
with UNC5C exon 11 variants reported by Coissieux 
et al[5] (OR = 8.8, 95%CI: 1.47-52.93, P = 0.0315). The 
divergence in the results observed between the two stud-
ies is in fact slighter than it may appear, as the groups of  
A628K carriers are very small in both cases. The power 
of  association studies is indeed relatively limited for 
investigating rare variants, and achieving strong statisti-
cal significance would either require a very large sample 
size or necessitate more powerful methodologies such as 
burden tests. Thus, Genome-Wide Associations studies 
(GWAS) have failed to highlight loci already known in 
familial forms of  cancer and other complex traits, due to 
their inability to detect highly-penetrant, rare variants[4,6]. 
On the contrary, by adopting a candidate gene strategy, 
Coissieux et al[5] were able to detect associations for some 
of  these rare variants. However, the associations between 
the identified variants with CRC risk are somewhat frag-
ile. This illustrates the difficulties to identify new high 
penetrance genetic variants involved in predisposition 
to CRC because of  the high locus heterogeneity. The 
estimated 20%-30% of  missing heritability for CRC can 
therefore be explained by a possible mosaic of  rare famil-
ial variants, with an accumulation of  private mutations. 
UNC5C could be one of  the genes involved, but the 
identification of  additional families is needed to confirm 
this. This could be facilitated by a more precise clinical 
definition of  UNC5C-associated CRC cases.

It is quite tempting to draw parallels between UNC5C 
and DCC. In fact, a possible tumor suppressor role 
was postulated for both netrin receptors for several 
years[7,13,18,26]. However, no conclusive proof  was pro-
duced until recently. With the development of  murine 
models, it has been shown that, beside their role in tumor 
progression, UNC5C and DCC could also participate in 
the early events of  colorectal carcinogenesis[1,2,13,27]. The 

Table 2  Conditional maximum likelihood estimation of the associations between UNC5C  variants and risk for colorectal cancer  n (%)

Type of cancer Patients mut/total Controls mut/total OR (95%CI) P  value

Variant A628K1

Familial CRCs without MMR mutations   0/120 (0.00) 2/1121 (0.18) NA NA
Familial CRCs or Lynch-associated cancers without MMR mutations   1/178 (0.56) 2/1121 (0.18)   3.2 (0.29-35.05) 0.348
Familial CRCs or Lynch-associated cancers with or without MMR mutations   3/310 (0.97) 2/1121 (0.18)   5.5 (0.91-32.87) 0.063
Sporadic CRCs (ASTERISK) 4/1023 (0.39) 2/1121 (0.18)   2.2 (0.40-12.02) 0.364
Familial and sporadic CRCs 7/1333 (0.53) 2/1121 (0.18)   3.0 (0.61-14.25) 0.177
Variants R603C, T617I, A628K, or Q630E2  
Familial CRCs without MMR mutations   2/120 (1.67) 37/4300 (0.86) 2.0 (0.47-8.20) 0.3613

Familial CRCs or Lynch-associated cancers without MMR mutations   3/178 (1.69) 37/4300 (0.86) 2.0 (0.60-6.47) 0.2613

Familial CRCs or Lynch-associated cancers with or without MMR mutations   5/310 (1.61) 37/4300 (0.86) 1.9 (0.74-4.84) 0.1853

1Estimates of the risk associated with variant A628K inferred from genotyping data obtained in patients with familial colorectal or Lynch-associated forms 
of cancer and in patients with sporadic colorectal cancers (CRCs) and healthy controls from the ASTERISK population; 2Estimates of the risk associated 
with heterozygosity for variants R603C, T617I, A628K, or Q630E by comparison of the present study familial cancer cases with Caucasian individuals 
from the NHLBI GO Exome Sequencing Project used as controls Exome Variant Server, NHLBI Exome Sequencing Project (ESP), Seattle, WA [http://evs.
gs.washington.edu/EVS/(date 08/2013 accessed)]; 3Applying Bonferroni correction, significance threshold was lowered to 0.05/4 = 0.0125. NA: Not avail-
able; MMR: Mismatch repair.
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hypothesis of  tumor suppressor gene function is also 
supported by the fact that the UNC5C and DCC genes 
are located in frequently rearranged chromosomal regions 
and also the frequent hypermethylation of  their promot-
ers in colorectal tumors[15]. Nevertheless, for DCC, this 
putative role is considered as very controversial, notably 
because of  its much rarer somatic mutations in colorectal 
cancers reported in literature or in specific databases (e.g., 
COSMIC), as compared to the nearby SMAD4 gene for 
example[28-34]. In addition, DCC has never been related 
to a familial form of  colorectal malignancy, in contrast 
to SMAD4 - the mutations of  which can cause Juve-
nile Polyposis Syndrome[28-34]. A query in the COSMIC 
database[28] showed that somatic UNC5C mutations are 
as infrequent in colorectal adenocarcinomas as DCC. 
Moreover, no clearly deleterious germline mutations, 
such as nonsense or frameshift mutations, were reported 
in UNC5C in patients with CRC, whereas these types of  
mutations are quite frequent in familial forms of  cancers 
caused by tumor suppressor genes.

This raises the issue of  whether UNC5C is the right 
candidate gene to explain colorectal cancer in the five 
families described by Coissieux et al[5]. In fact, the good 
co-segregation of  the A628K variant with cancer phe-
notype is puzzling. In Coissieux’s study, all carriers of  
this variant shared a 108 kilo-base-pair minimum critical 
region within 4q22.3 determined by 34 SNPs. Genotyp-
ing a subset of  these SNPs (rs65322545, rs6846193, 
rs17023311, rs1434534, rs3775048, rs11737434 and 
rs2289043) in our study patients was sufficient to dis-
criminate carriers of  variant A628K from carriers of  
other UNC5C exon 11 variants (data not shown). How-
ever, the power displayed in linkage analysis by 34 SNPs 
is quite low, because of  a limited heterozygosity. Conse-
quently, the minimum critical region defined by Coissieux 
et al[5] could not be as specific and significant as expected, 
leading us to postulate that UNC5C may not be the right 
susceptibility gene. The rare variants identified by Me-
hlen’s team may instead be markers that are in linkage 
disequilibrium with a real deleterious variant located, for 
example, within any other gene in the neighborhood of  
UNC5C. When considering the DCC/SMAD4 example, 
that other gene could be the nearby BMPR1B gene, which 
is centromeric to UNC5C. The risk for CRC conferred 
by variants of  BMP genes has already been highlighted 
by GWAS[32,33], and a recent study pointed to a significant 
increase in CRC risk associated with genetic variation in 
BMPR1A, BMPR1B, BMPR2, BMP2 and BMP4[34].

In conclusion, our study shows that UNC5C is not a 
major CRC-predisposing gene that could compare for in-
stance with MMR genes or APC. UNC5C exon 11 allelic 
variants were rare, with an incomplete penetrance in the 
families of  our study. However, we were able to confirm 
a tendency towards an increase in cancer risk, not only 
for familial but also for sporadic CRC, which means that 
UNC5C alleles can be classified at least as low-moderate 
penetrance alleles. Previous studies have highlighted 
UNC5C as a potential tumor suppressor gene, but the 

simple presence of  UNC5C variants in the families in-
cluded in our study does not seem sufficient to confer 
a high risk for CRC. One may hypothesize that, in the 
families included in Coissieux et al[5]’s study, either A628K 
is in complete linkage disequilibrium with a causative mu-
tation located outside UNC5C, or UNC5C participates in 
an oligogenic mechanism of  carcinogenesis. In any case, 
it is probably too preliminary to apply Coissieux et al[5]’
s finding to genetic counseling and routine genetic CRC-
predisposition testing. The presence of  variant UNC5C 
A628K in patients with gastric cancer in family 2 (Figure 
2) also suggests that further investigations should be per-
formed to address the impact of  UNC5C on digestive 
cancers.
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ing role of A628K substitution in UNC5C receptor gene that has been studied 
before from Coissieux et al, 2012. These results imply medical and technical 
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