
Vol.:(0123456789)1 3

Molecular Biology Reports (2022) 49:3823–3837 
https://doi.org/10.1007/s11033-022-07228-0

ORIGINAL ARTICLE

Germline mutations of the adenomatous polyposis coli (APC) gene 
in Algerian familial adenomatous polyposis cohort: first report

Feriel Khider1 · Farid Cherbal1  · Asma‑Lamia Boumehdi1 · Karim Layaida2 · Hassen Mahfouf3 · Ferhat Zebboudj4 · 
Mustapha Maaoui5

Received: 17 November 2021 / Accepted: 3 February 2022 / Published online: 10 February 2022 
© The Author(s), under exclusive licence to Springer Nature B.V. 2022

Abstract
Background Familial adenomatous polyposis (known also as classical or severe FAP) is a rare autosomal dominant colo-
rectal cancer predisposition syndrome, characterized by the presence of hundreds to thousands of adenomatous polyps in 
the colon and rectum from an early age. In the absence of prophylactic surgery, colorectal cancer (CRC) is the inevitable 
consequence of FAP. The vast majority of FAP is caused by germline mutations in the adenomatous polyposis coli (APC) 
tumor suppressor gene (5q21). To date, most of the germline mutations in classical FAP result in truncation of the APC 
protein and 60% are mainly located within exon 15.
Material and methods In this first nationwide study, we investigated the clinical and genetic features of 52 unrelated Algerian 
FAP families. We screened by PCR-direct sequencing the entire exon 15 of APC gene in 50 families and two families have 
been analyzed by NGS using a cancer panel of 30 hereditary cancer genes.
Results Among 52 FAP index cases, 36 had 100 or more than 100 polyps, 37 had strong family history of FAP, 5 devel-
oped desmoids tumors, 15 had extra colonic manifestations and 21 had colorectal cancer. We detected 13 distinct germline 
mutations in 17 FAP families. Interestingly, 4 novel APC germline pathogenic variants never described before have been 
identified in our study.
Conclusions The accumulating knowledge about the prevalence and nature of APC variants in Algerian population will 
contribute in the near future to the implementation of genetic testing and counseling for FAP patients.
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Introduction

Familial adenomatous polyposis (FAP, OMIM + 175,100) 
is a rare autosomal dominant colorectal cancer predisposi-
tion syndrome, characterized by the presence of hundreds 
to thousands of adenomatous polyps in the colon and rec-
tum from an early age, with over 90% risk of development 
of carcinoma in one or more of the polyps [1, 2]. The 
incidence of FAP is 3–10/100000, it is the most common 
adenomatous polyposis syndrome and accounting for less 
than 1% of all CRC cases [2]. CRC arise in FAP patients 
if untreated, patients develop colorectal cancer in a mean 
age of 40 years [1].

To date, various studies have described two FAP pheno-
types: the classical form (CFAP), defined as > 100 colorec-
tal polyps and early onset (polyp formation in the second 
decade of life); the attenuated FAP (AFAP) which is a 
milder form of classic FAP with less polyps (< 100) and a 
later age of polyp/cancer onset [2]

Prophylactic surgery (total abdominal colectomy), usu-
ally by age 40, is the gold-standard therapy to mitigate this 
risk [2]. Although surgery is the mainstay of treatment for 
FAP, some medical treatments have been used for preven-
tion of adenoma formation like sulindac and celecoxib, 
that have been shown to reduce the number and size of 
rectal polyps [2]. Other gastrointestinal features (duodenal 
adenomas, fundic gland cysts) and extra gastrointestinal 
manifestations including congenital hypertrophy of the 
retinal pigment epithelium (CHRPE), dental abnormali-
ties, osteomas, soft tissue tumors like epidermoid cysts, 
desmoid tumors are frequently described in FAP patients 
[3]. In addition, cancers of the thyroid, brain and biliary 
tracts are found to be associated with FAP [3].

FAP is caused by germline mutations in the APC 
gene located at 5q21-q22. The most frequent transcript 
is 8532 bp long with exon 15 accounting for 77% of the 
coding region. The APC gene encodes a tumor suppres-
sor protein (comprising 2843 amino acids) that acts as 
an antagonist of the Wnt signaling pathway. It is also 
involved in other processes including cell migration and 
adhesion, transcriptional activation, and apoptosis. APC 
protein plays a central role in the Wnt-signalling pathway, 
especially in regards to the degradation of β-catenin within 
the cell cytoplasm. If APC is mutated, the β- catenin-Tcf 
complex is not suppressed and leads to constitutive acti-
vation of several genes and oncogenes controlling cell 
growth and division. Mutations in APC affect the ability 
of the cell to maintain normal growth and function, which 
results in cell overgrowth/adenoma formation and cancer 
development [4]

The 5’ coding region of exon 15 includes a mutation-
cluster region and mutations contributing to classical FAP 

occur between exon 5 and the 5’ portion of exon 15 [5–7]. 
Since the identification of the APC gene, 1801 unique vari-
ants of the APC gene have been reported in the InSiGHT 
database (http:// insig ht- datab ase. org/).

Since the cloning of the APC gene [8, 9], several stud-
ies in populations and ethnic groups from America, Asia, 
Europe have reported large APC mutations spectrum, muta-
tional hotspots and various genotype phenotype correla-
tions [3, 4, 8–18]. To date, clinical and genetics features of 
FAP are largely unknown in Algeria and in the other North 
African countries. To our best knowledge, only three APC 
genotype–phenotype association studies have been reported 
in one Algerian FAP family and in small set of Tunisian 
FAP patients, respectively [19–21]. The present study is the 
first nationwide FAP cohort being reported in Algeria with 
molecular analysis of germline mutations in the APC gene.

Patients and methods

Study population

This nationwide study investigated index cases and relatives 
from 52 unrelated FAP families selected between March 
2012 and May 2019. Patients and relatives were referred 
through gastroenterology service of Mustapha Bacha Uni-
versity Hospital (Algiers), academic general surgery services 
of public hospital of Kouba (Algiers) and academic medical 
oncology services and academic general surgery services of 
public hospital of Rouiba (Eastern suburb of Algiers). Clini-
cal and pathological information was extracted from medical 
records of the patients with particular attention to the age at 
diagnosis, number and location of adenomas, the presence of 
colorectal cancer or extracolonic manifestations. Family his-
tories of FAP were obtained from interviews, pedigrees and 
chart review of the index cases. Cancer registries of the three 
public hospitals covered an area of 20 provinces among 48 
of Algeria (Fig. 1). All patients, relatives and parents/legally 
authorized representatives of the minor subjects provided 
an informed consent before blood sampling and molecular 
analysis of the APC gene.

DNA isolation

Genomic DNA was extracted from peripheral blood lym-
phocytes using Promega Wizard Genomic DNA Purification 
Kit (Promega, Madison, MI, USA) (Cat. # A1120) and in 
accordance with the manufacturer’s protocols.

Mutation analysis

The entire exon 15 of the APC gene (6.5 Kb) has been 
screened by PCR- direct sequencing in a cohort of 52 FAP 

http://insight-database.org/
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index cases and 9 relatives, respectively. PCR and Sanger 
sequencing were performed as described elsewhere [22]. 
Primers used to screen exon 15 of the APC gene are avail-
able in Supplementary file1 (See Supporting Table 1).Identi-
fied pathogenic DNA sequence variants were confirmed by 
sequencing both DNA strands on at least two independent 
PCR products.

NGS analysis

Two patients were analyzed by Color Genomics using a can-
cer panel of 30 hereditary cancer genes test (Color genom-
ics, Burlingame, San Francisco, USA, https:// www. color. 
com). Pathogenic variant identified in the exon 12 of APC 

gene by NGS has been confirmed by PCR-Sanger sequenc-
ing and performed as described elsewhere [22]. Primers used 
to screen exon 12 of the APC gene are available in Supple-
mentary file1 (See Supporting Table 1).

Nomenclature and variant analysis

All nucleotide numbers refer to the wild-type cDNA human 
sequence of APC gene (NM_000038.6) as reported in the 
GenBank database. The description of nucleotide sequence 
variants is in accordance with HGVS (Human Genome 
Variation Society) nomenclature rules (www. hgvs. org/ 
mutno men). The HGVS approved systematic nomenclature 
follows the rule where the nucleotide + 1 is the A of the 

Fig. 1  Map showing the 20 Algerian provinces (indicated by red circle symbol) covered by the cancer registries of the three Public hospitals 
where the FAP patients included in our study were diagnosed and treated

https://www.color.com
https://www.color.com
http://www.hgvs.org/mutnomen)
http://www.hgvs.org/mutnomen)
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ATG translation initiation codon. The pathogenic variants 
identified in our study were screened for clinical signifi-
cance and if it were reported or novel in InSiGHT database, 
UMD APC-mutations database, ClinVar database, gnomAD 
genomes and gnomAD exomes database. Novel variants not 
described in the InSiGHT database or ClinVar database were 
classified according to ACMG classification.

Results

Patient characteristics

In this nationwide study, there were 29 women and 23 men 
diagnosed with severe FAP (Tables 1, 2, 3 and Figs. 1, 2, 
3 summarize the results). The mean age at diagnosis was 
32.92 years (range 12–54 years), 76.91% cases (40/52) 
have been diagnosed at age under 40 years and 69.23% 
cases (36/52) had 100 or more than 100 polyps (Table 1). 
Among 52 FAP index cases, 37 had strong family history 

of FAP, 5 developed desmoids tumors, 15 had extraco-
lonic manifestations, 21 had colorectal cancer. In addition, 
there were 220 FAP affected individuals among the 52 
FAP families included in our study (Table 2).

Analysis of the exon 15 of the APC gene using 
PCR‑sanger‑sequencing

The germline mutations analysis using PCR-Sanger 
sequencing of the entire exon 15 of the APC gene detected 
the presence of pathogenic sequence variant in 21 indi-
viduals (Table  3). Among them, 16 FAP index cases 
(32%) and five relatives from 4 FAP families, respectively 
(Table 3 and Fig. 2). The mutation spectrum consists of 
twelve point mutations. All these mutations have been 
detected in the 5′ coding region of the exon 15 of the APC 
gene. Of these 12 point mutations, 10 were frameshift and 
2 were non sense substitutions. Four of these point muta-
tions are novel. Interestingly, the most occurring mutations 
c.3927_3931delAAAGA and c.4728dupA were identified 
in four and two index cases in 6 unrelated FAP families, 
respectively (Table 3 and Fig. 3).

NGS analysis

The analysis of two patients using a cancer panel of 30 
hereditary cancer genes (Color Genomics) revealed a 
novel pathogenic mutation in the exon 12 of the APC gene, 
a frameshit sequence variant c.1605dupT in the proband 
F1610 diagnosed at age 28 years with severe FAP (Table 2 
and Fig. 2, pedigree a). This patient has a strong family 
history of FAP and 16 individuals among his relatives are 
FAP affected along 3 generations.

Out of 16 relatives, five were deceased and only 4 first 
relatives (3 sisters and one brother) were available for the 
screening for the new candidate mutation c.1605dupT. 
Unfortunately, healthy individuals of the family F1610 
were not available for the screening of the new candi-
date mutation c.1605dupT. Subsequently genetic testing 
was performed using PCR- Sanger sequencing in the four 
relatives affected with FAP (3 sisters and one brother) of 
our index case F1610. The four relatives were APC muta-
tion positive for the new candidate mutation c.1605dupT. 
(Table 3 and Figs. 2–3, pedigree a).

The new frameshift sequence variant c.1605dupT 
co-segregated with FAP syndrome in 4 first relatives of 
our index case F1610, we can classify it as Class 5 vari-
ant with the status: “Pathogenic” according to ACMG 
classification.

Table 1  Clinical characteristics of the 52 FAP index cases

Characteristics FAP index cases (N = 52)

Number of cases %

Mean age (dx) 32,92 years
Age
  < 20 10 19.23
 20 ≤ age ≤ 29 15 28.84
 30 ≤ age ≤ 39 15 28.84
 40 ≤ age ≤ 49 11 21.15
  ≥ 50 1 1.92

Gender
 Female 29 55.76
 Male 23 44.24
 Number of polyps
˃ 100 24 46.15
  ± 100 12 23.07
  < 100 6 11.53
  ± 50 8 15.38
  < 50 2 3.84

CRC 
 Yes 21 40.38
 No 31 59.62

Extra-colonic manifestation
 Yes 15 28.84
 No 13 25
 NA 24 46.16

Family history of FAP
 Yes 37 70.83
 No 13 25
 NA 2 4.17
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Genotype–phenotype correlations in FAP patients 
with APC mutation

We noticed that the mean age for 17 FAP patients with APC 
mutation was 27 years and five developed a colorectal can-
cer, two had desmoid tumors and 3 had extracolonic mani-
festations (Table 2). Sixteen FAP index cases were found to 
carry a germline mutation in the 5′ coding region of the exon 
15 of the APC gene and the mutations are located between 
codons 843–1577 (Tables 2, 3).

Discussion

To date, there is a limited information in the mutational 
spectrum of the APC gene in Algerian population [19]. In 
our present study, we used PCR-Sanger sequencing for the 
analysis of the exon 15 of the APC gene and we successfully 
detected germline pathogenic variants in 16 of 50 FAP fami-
lies. In addition, NGS analysis of two patients using a panel 
of 30 hereditary cancer genes revealed a novel point ger-
mline mutation in the exon 12 of the APC gene in a young 
FAP patient.

Thirteen distinct APC germline pathogenic variants were 
found in 17 unrelated FAP families confirming mutation het-
erogeneity in APC gene as already reported in various popu-
lations and ethnic groups [3, 4, 8–18].The detected mutations 
in the 5′ coding region of exon 15 scattered between codon 
843 and codon 1577. Five mutations are located inside the 
mutation cluster region (MCR). Here, we report for the first 
time in Algerian population in the APC gene the 5 bp canon-
ical deletion c.3927_3931delAAAGA located in the muta-
tional hot spot at codon 1309 and it was detected in 7.69% 
unrelated FAP index cases (4/52) of our 52 FAP families. To 
date, this mutation has been reported at moderate frequency 
in South American populations and at high frequency in sev-
eral European populations and Asian populations [5, 23–28]. 
Three patients’ carrier of this mutation showed severe early 
onset polyposis among them one patient developed a CRC 
at early age, respectively. In addition, among them a young 
female patient has been diagnosed with severe FAP at age 
12 years (patient F1506), her parents were not affected and 
she went under colectomy at the age of 16 years. As the 
pathogenic germline variant c.3927_3931delAAAGA occurs 
at high frequency de novo [29], we noticed that out of 4 
index cases carriers of this mutation, three of them (patients 
F1210, F1409 and F1506) have not reported a family his-
tory of FAP. Interestingly, subsequently genetic testing of the 
mother of patient F1506 showed the absence of the mutation 
c.3927_3931delAAAGA. Although the healthy father of the 
patient F1506 and the healthy parents of the two other index 
cases (Patients F1210, F1409) were not tested, we could M
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not rule out that the mutation c.3927_3931delAAAGA had 
occurred de novo in our three FAP index cases.

We also detected a second germline mutation c.3925G > T 
in the mutational hot spot at codon 1309 in the young FAP 
patient F1418 with strong family history of FAP along three 
generations. He was diagnosed with severe FAP with more 
than 100 colonic adenomas, duodenal adenomas and anas-
tomotic stenosis. To date, the pathogenic germline variant 
c.3925 G > T has been reported in two German patients who 
showed somatic APC mosaicism [30], one Dutch patient 

(Carli Tops, unpublished result reported in InSIGHT data-
base, http:// insig ht- datab ase. org/ genes/ APC) and one French 
patient, respectively [23].

Interestingly, in our study, we also detected the rare ger-
mline pathogenic variant c.3905delT in a young female 
FAP index case (Patient F1201) with strong family history 
of FAP along four generations. The rare germline mutation 
c.3905delT has been reported one time in FAP patient from 
Italy [31]. Our patient F1201 was diagnosed with an early 
profuse colorectal polyposis and presented with more than 

Fig. 2  a–l Pedigrees of 12 FAP 
families with deleterious muta-
tions in the APC gene

http://insight-database.org/genes/APC
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100 colonic adenomas. Her mother and one maternal uncle 
were diagnosed with FAP and CRC and deceased at age 43 
and 40 years, respectively.

We did not detect a mutation in the second mutational hot 
spot at codon 1061 in our FAP families, but we identified the 
common germline pathogenic variant c.3202_3205delTCAA 
at codon 1068 in a young female FAP patient and her 
brother. She presented 100 colonic adenomas, duodenal 
adenomas and developed CRC at age 40 years. Interestingly, 
these clinical manifestations have been already reported in 
two Japanese FAP patients’ carriers of the germline patho-
genic variant c.3202_3205delTCAA [32].

We detected the rare germline pathogenic variant 
c.2527_2530delAGTT in a patient without a family history 

of FAP but with a familial CRC history. He was diagnosed 
with FAP at age 40 years and developed less than 100 
colorectal polyps, adenomas all over the duodenum. He 
developed a rectal cancer at age 46 years and he deceased. 
This patient showed some differences in genotype–pheno-
type correlations reported in Polish and Australian FAP 
patients, respectively, carriers of the germline mutation 
c.2527_2530delAGTT y [33, 34].

We also identified for the first time in Algerian FAP 
patients, the germline pathogenic variant c.2544dupA 
in a young female index FAP patient diagnosed at age 
18 years and her affected sister. She had a strong family 
history of FAP along three generations and 7 of her rela-
tives are FAP affected. She showed a profuse polyposis 

Fig. 2  (continued)
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with several hundred of colorectal polyps and extracolonic 
manifestations.

In our study, we detected the common germline patho-
genic variant c.2805C > A in a female patient who developed 

a severe FAP with more than 100 colorectal polyps. She had 
strong family history of FAP along three generations and 
9 of her relatives are FAP affected (5 of them developed 
CCR). In addition, her father developed a thyroid cancer. 

Fig. 3  Sequence forward electropherogram of germline pathogenic 
variants identified in the APC gene of FAP index patients: a index 
patient F1610 carrier of the novel germline pathogenic variant 
c.1605dupT; b index patient F1506 carrier of germline pathogenic 

variant c.3927_3931delAAAGA; c mother of index patient F1506 
negative for the germline mutation c.3927_3931delAAAGA; d index 
patient F1606 carrier of the germline pathogenic variant c.2544dupA
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Interestingly, the pathogenic variant c.2805C > A has been 
already identified in one large Algerian FAP family [19]. 
The variant has been detected in the index case and 12 
FAP affected relatives along 4 generations [19]. To date, 
the germline pathogenic variant c.2805C > A has also been 
reported in Korean, Singapore and Portuguese FAP families, 
respectively, with thyroid tumor as extracolonic manifesta-
tion [35–37].

The common ger mline  pathogenic  var iant 
c.3471_3474delGAGA at codon 1157 has been detected in 
our current study in a FAP patient diagnosed at late age 
of 44 years and developed less than 100 colonic polyps, 
duodenal polyps and desmoid tumors. He had a family his-
tory of FAP and six of his relatives were FAP affected (4 
of them had colon surgery). Interestingly, the two extra-
colonic manifestations of this patient have been reported 
in a familial CRC patient carrier of the pathogenic variant 
c.3471_3474delGAGA and a germline mutation in MSH2 
gene, respectively [38].

We identified a novel germline mutation in the 5′ cod-
ing region of the exon 15 in the APC gene c.3784delT at 
codon 1262 in a young female FAP patient and her two FAP 
affected sisters (ISF131301 and ISF131302). She had strong 
family history of FAP (5 relatives developed a severe FAP), 
in addition, she was diagnosed with a CRC at early age 
24 years and her sister ISF131301 had developed desmoid 
tumors at age 37 years.

Interestingly, our 2 Algerian FAP patients with muta-
tions in codons 1157 and 1262, respectively, who developed 
desmoid tumors, showed different genotype–phenotype cor-
relations reported in previous studies in Caucasian patients 
that associated desmoid tumors beyond codon 1444 [39–41].

The rare germline pathogenic variant c.4384_4385delAA 
at codon 1462 reported two times in two French FAP fami-
lies [23], was detected in our study in young female FAP 
index patient who developed fewer than 50 colorectal pol-
yps, duodenal polyposis, desmoid tumors and mandibular 
and dental abnormalities. These extracolonic manifestations 
have been reported in previous studies in FAP patients’ car-
riers of germline mutations in the APC gene located between 
codons 1444–1578 and 767–1578, respectively [42].

We detected a novel germline mutation in the exon 15 of 
the APC gene, c.4559dupA/p.Thr1487Asnf*27 in a young 
female FAP patient diagnosed with profuse colorectal poly-
posis at early age of 14 years. She developed duodenal pol-
yps and desmoid tumors at age 21 years. She had a strong 
family history of FAP along 4 generations and five of her 
relatives are FAP affected.

Interestingly, in our current study, we identified for the 
first time in two unrelated Algerian FAP families, the very 
rare germline mutation c.4728dupA/Glu1577Argfs*14 
reported only one time in InSIGHT database in one Japa-
nese FAP family back in the year 1994 [43]. In the first FAP 

family (F1407) the index patient carrier of this mutation 
was diagnosed with FAP at age 37 years and developed less 
than 100 colonic polyps. In the second FAP family, the index 
case (F1704) and his sister (F1703) were found to carry the 
pathogenic variant c.4728dupA. He developed less than 
50 colonic polyps and osteomas. His sister has developed 
desmoid tumors. Thirteen relatives of this second family 
were FAP affected. As the codon 1577 is the most 3’ end 
mutation in our current study, our two FAP families’ carri-
ers of the germline pathogenic variant c.4728dupA could be 
affected with AFAP.

As the germline pathogenic variant c.4728dupA has been 
identified in two unrelated FAP families, the codon 1577 
could be a new mutational hot spot in Algerian FAP families.

For the first time, NGS analysis using a panel of 30 
hereditary cancer genes revealed a novel germline patho-
genic variant in the exon 12 of the APC gene c.1605dupT/p.
(Glu536*) in a young FAP index patient diagnosed with a 
profuse colorectal polyposis at age 28 year. He developed a 
colorectal cancer at age 31 years. His family had strong his-
tory of FAP and 16 of his relatives were FAP affected along 
3 generations. Subsequently genetic testing was performed 
in four relatives of our index case (3 sisters and one brother 
affected with FAP syndrome). All the four relatives were 
found to carry the new candidate mutation c.1605dupT. Pre-
vious studies have reported germline mutations in the exon 
12 of the APC gene in patients with classical FAP [23, 44, 
45]. In addition, our results are in agreement with previous 
studies [16, 46–48] that showed that NGS technology and 
the screening of cancer panel of hereditary cancer genes are 
powerful tools to identify new APC candidate mutations in 
large FAP families.

There are some limitations in our present study, which 
should be considered. We studied a small set of FAP fami-
lies and we only screened the exon 15 of the APC gene. 
A limitation of our study is that several exons of the APC 
gene have not been analyzed in our patients. We are also 
aware that LGR have not been screened in the APC gene 
using NGS or MLPA. Screening of all coding exons of the 
APC gene including flanking regions in a large cohort of 
FAP families, and using NGS analysis of cancer panel of 
hereditary colorectal cancer genes will let us to know about 
the mutational profile of APC gene. We also should include 
in our screening the four other polyposis associated genes 
MUTYH, NHTL1, POLD1 and POLE in order to assess their 
prevalence in Algerian population.

A key strength of the present study is that we performed 
the first genetic testing of APC germline mutations in 
Algerian FAP cohort using PCR-direct sequencing and 
NGS analysis. We also reported for the first time the gen-
otype phenotype correlations in FAP patients. The muta-
tional spectrum knowledge of polyposis-associated genes 
in FAP families will contribute to the implementation of 
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cost-effective strategies for the prevention and the treatment 
of familial adenomatous polyposis.

Conclusions

Our present study provides for the first time insight in the 
clinical and genetic features of FAP syndrome in Algerian 
population. Our data confirmed the mutation heterogeneity 
in the APC gene in FAP patients. The screening of the APC 
gene in large cohort of FAP patients will help to implement 
affordable genetic testing and to improve the clinical man-
agement and risk assessment of FAP syndrome.
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