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Figure 2 APC coding region and genotype—phenotype correlation (A) Distribution of truncating mutations throughout APC coding region and genotype—
phenotype correlation. Conserved regions and domains that interact with other proteins are shown. (B) Distribution of mutations in the extreme 3 -end

of APC coding region in patients with clinical information identified in our literature meta-analysis and in the present study. Light blue and yellow boxes
with arrows indicate the location of premature stop codons of already described truncating mutations in APC regions A and B, respectively. The nonsense
mutation identified in our patients, which causes a stop at codon 2570, is indicated with a yellow arrow and circle.
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with FGPs® In our study, among 13 clinically characterised information. Also, it must be noted that DTs can remain unde-
patients with truncating mutations in APC region B, five out  tected on conventional radiograph?’ thus we cannot exclude the
of seven have developed adenomas in association with FGPs. presence of these tumours in patients for which no data were
These findings may have important consequences on surveil- reported about specific investigations. In conclusion, we report
lance, tailored management and overall quality of life of FAP  novel insights on FAP presentation when it is associated with
patients. We are aware that our study has some limitations, the mutations lying in APC extreme C-terminal region, supporting
major one being the number of patients without available clinical  an emerging FAP clinical phenotype, which we termed Gastric
Polyposis and Desmoid FAP (GD-FAP). Based on the National
Comprehensive Cancer Network guideline¥ for AFAP patients
Table 1 Releant clinical features of patients harbouring truncatingand on the higher risk of developing adenomas that has been

variants in APC region A and APC region B observed in FAP patients with FGP4° % in our view, GD-FAP
APC region A APC region B Fisher exact test patients should start follow-up at the age of 20 by performing

Phenotype N (%) N (%) p-value colonoscopy every 2-3 years, esophagogastroduodenoscopy and

CP >50 47166 (71.2) 3/22 (13.6) 0.0151 abdominal ultrasound annually.

CP <50 19/66 (28.8) 19/22 (86.4)

GPP/Ad+ 15/62 (24.2) 7113 (53.84) 0.0461 Acl_(nowledgemepts We thank Dr F_rancesco Ffaollo Jori _for his helpful discussion

GPPIAd 47162 (75.8) 6/13 (46.15) dunng-the preparation of the manuslcnpt and edl'tonal assistance.

DT+ 19176 (25) 14118 (77.8) <0.0001 Contributors VD, IL and CS conceived and designed the study, performed data

analysis, wrote and revised the manuscript for important intellectual content. CF
DT 57/76 (75) 4718 (22.2) performed statistical analysis, reviewed the data and helped to write the manuscript.
CP, colon polyp; DT, desmoid tumour; GPP/Ad, gastric profuse polyposis/adendifiaGF, VG, PS and MLS acquired the literature data and analysed and interpreted the
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data. NR and AS performed genetic analysis and reviewed the data and manuscript
for important intellectual content. CL provided clinical data. All the authors reviewed
the manuscript.

Funding This work was supported by the Italian Ministry of Health 'Ricerca
Corrente 2017-2019" to IL, 'Ricerca Corrente 2018-2020; 2019-2021" to CS;

by PRIN - Research Projects of National Relevance (PRIN 2017, n. 2017WNKSLR-
LS4) from the Italian MIUR to CS and by Fondazione Puglia (grant 'Ricerca di
nuovi geni di predisposizione e di markers predittivi di neoplasia nelle sindromi di
predisposizione ereditaria al cancro del colon retto’) to AS.

Competing interests None declared.
Patient consent for publication Obtained.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Alessandro Stella http://orcid.org/0000-0002-9035-6267
Cristiano Simone http://orcid.org/0000-0002-2628-7658

REFERENCES

Zhang L, Shay JW. Multiple roles of APC and its therapeutic implications in colorectal
cancer. J Natl Cancer Inst 2017;109.

Nieuwenhuis MH, Vasen HFA. Correlations between mutation site in APC and
phenotype of familial adenomatous polyposis (FAP): a review of the literature. Crit Rev
Oncol Hematol 2007;61:153-61.

Caspari R, Olschwang S, Friedl W, Mandl M, Boisson C, Boker T, Augustin A, Kadmon
M, Mdslein G, Thomas G, Propping P. Familial adenomatous polyposis: desmoid
tumours and lack of ophthalmic lesions (CHRPE) associated with APC mutations
beyond codon 1444. Hum Mol Genet 1995;4:337-40.

Friedl W, Caspari R, Sengteller M, Uhlhaas S, Lamberti C, Jungck M, Kadmon M, Wolf
M, Fahnenstich J, Gebert J, Méslein G, Mangold E, Propping P. Can APC mutation
analysis contribute to therapeutic decisions in familial adenomatous polyposis?
Experience from 680 FAP families. Gut 2001;48:515-21.

Enomoto M, Konishi M, lwama T, Utsunomiya J, Sugihara KI, Miyaki M. The
relationship between frequencies of extracolonic manifestations and the position of
APC germline mutation in patients with familial adenomatous polyposis. Jon J Clin
Oncol 2000;30:82-8.

Bertario L, Russo A, Sala P, Varesco L, Giarola M, Mondini P, Pierotti M, Spinelli P,
Radice P. Multiple approach to the exploration of genotype—phenotype correlations in
familial adenomatous polyposis. JCO 2003;21:1698-707.

Li J, Woods SL, Healey S, Beesley J, Chen X, Lee JS, Sivakumaran H, Wayte N, Nones K,
Waterfall JJ, Pearson J, Patch A-M, Senz J, Ferreira MA, Kaurah P, Mackenzie R, Heravi-
Moussavi A, Hansford S, Lannagan TRM, Spurdle AB, Simpson PT, da Silva L, Lakhani

N

w

~

w1

(o))

~

foo)

e}

20

SR, Clouston AD, Bettington M, Grimpen F, Busuttil RA, Di Costanzo N, Boussioutas
A, Jeanjean M, Chong G, Fabre A, Olschwang S, Faulkner GJ, Bellos E, Coin L, Rioux K,
Bathe OF Wen X, Martin HC, Neklason DW, Davis SR, Walker RL, Calzone KA, Avital

|, Heller T, Koh C, Pineda M, Rudloff U, Quezado M, Pichurin PN, Hulick PJ, Weissman
SM, Newlin A, Rubinstein WS, Sampson JE, Hamman K, Goldgar D, Poplawski N,
Phillips K, Schofield L, Armstrong J, Kiraly-Borri C, Suthers GK, Huntsman DG, Foulkes
WD, Carneiro F, Lindor NM, Edwards SL, French JD, Waddell N, Meltzer PS, Worthley
DL, Schrader KA, Chenevix-Trench G. Point mutations in exon 1B of APC reveal gastric
adenocarcinoma and proximal polyposis of the stomach as a familial adenomatous
polyposis variant. Am J Hum Genet 2016;98:830-42.

Resta N, Stella A, Susca F, Montera M, Gentile M, Cariola F, Prete F, Tenconi R, Tibiletti
MG, Logrieco G, Mattina T, Andriulli G, Caruso ML, Fiorente P, Russo S, Caputi-
Jambrenghi O, Mareni C, Guanti G. Nine novel APC mutations in Italian FAP patients.
Hum Mutat 2001;17:434-5.

Stenson PD, Mort M, Ball EV, Evans K, Hayden M, Heywood S, Hussain M, Phillips

AD, Cooper DN. The human gene mutation database: towards a comprehensive
repository of inherited mutation data for medical research, genetic diagnosis and
next-generation sequencing studies. Hum Genet 2017;136:665-77.

Spink KE, Polakis P, Weis WI. Structural basis of the Axin—adenomatous polyposis coli
interaction. Embo J 2000;19:2270-9.

Wen Y, Eng CH, Schmoranzer J, Cabrera-Poch N, Morris EJS, Chen M, Wallar BJ, Alberts
AS, Gundersen GG. Eb1 and APC bind to mDia to stabilize microtubules downstream
of Rho and promote cell migration. Nat Cell Biol 2004;6:820-30.

Green RA, Wollman R, Kaplan KB. Apc and EB1 function together in mitosis

to regulate spindle dynamics and chromosome alignment. Mo/ Biol Cell
2005;16:4609-22.

Ishidate T, Matsumine A, Toyoshima K, Akiyama T. The APC-hDLG complex

negatively regulates cell cycle progression from the GO/G1 to S phase. Oncogene
2000;19:365-72.

Fatehullah A, Appleton PL, Ndthke IS. Cell and tissue polarity in the intestinal tract
during tumourigenesis: cells still know the right way up, but tissue organization is
lost. Philos Trans R Soc Lond B Biol Sci 2013;368. 20130014,

Karam SM. A focus on parietal cells as a renewing cell population. World J
Gastroenterol 2010;16:538-46.

Bianchi LK, Burke CA, Bennett AE, Lopez R, Hasson H, Church JM. Fundic gland polyp
dysplasia is common in familial adenomatous polyposis. Clin Gastroenterol Hepatol
2008;6:180-5.

Castellazzi G, Vanel D, Le Cesne A, Le Pechoux C, Caillet H, Perona F, Bonvalot S. Can
the MRI signal of aggressive fibromatosis be used to predict its behavior? Eur J Radiol
2009;69:222-9.

National Comprehensive Cancer Center (NCCN). NCCN guidelines version 1. Genetic/
familial high-risk assessment: colorectal2019. https://www.nccn.org/professionals/
physician_gls/default.aspx

Ezzedine S, Dumas R, Gonzalez JM, Vitton V, Barthet M, Rampal P, Grimaud JC,

Garcia S. Premalignant potential of fundic gland polyps-associated familial polyposis
syndromes. JSM Gastroenterol Hepatol 2014;1035.

Straub SF, Drage MG, Gonzalez RS. Comparison of dysplastic fundic gland polyps

in patients with and without familial adenomatous polyposis. Histopathology
2018;72:1172-9.

Disciglio V, et al. J Med Genet 2019;0:1-5. doi:10.1136/jmedgenet-2019-106299

1ybuAdoo Agq pa1oaioid "elIoSU0)D
uesol|qig Jusonses ads dsO 8 1e 6T0Z ‘0T J8quwiadaq uo /wod lwg Buwlj:dny woiy papeojumoq "6T0Z 1890100 L U0 66290T-6T0Z-18uabpawl/9eTT 0T Se paysignd isiy 18us pai [


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9035-6267
http://orcid.org/0000-0002-2628-7658
http://dx.doi.org/10.1093/jnci/djw332
http://dx.doi.org/10.1016/j.critrevonc.2006.07.004
http://dx.doi.org/10.1016/j.critrevonc.2006.07.004
http://dx.doi.org/10.1093/hmg/4.3.337
http://dx.doi.org/10.1136/gut.48.4.515
http://dx.doi.org/10.1093/jjco/hyd017
http://dx.doi.org/10.1093/jjco/hyd017
http://dx.doi.org/10.1200/JCO.2003.09.118
http://dx.doi.org/10.1016/j.ajhg.2016.03.001
http://dx.doi.org/10.1002/humu.1125
http://dx.doi.org/10.1007/s00439-017-1779-6
http://dx.doi.org/10.1093/emboj/19.10.2270
http://dx.doi.org/10.1038/ncb1160
http://dx.doi.org/10.1091/mbc.e05-03-0259
http://dx.doi.org/10.1038/sj.onc.1203309
http://dx.doi.org/10.1098/rstb.2013.0014
http://dx.doi.org/10.3748/wjg.v16.i5.538
http://dx.doi.org/10.3748/wjg.v16.i5.538
http://dx.doi.org/10.1016/j.cgh.2007.11.018
http://dx.doi.org/10.1016/j.ejrad.2008.10.012
https://www.nccn.org/professionals/physician_gls/default.aspx
https://www.nccn.org/professionals/physician_gls/default.aspx
http://dx.doi.org/10.1111/his.13485
http://jmg.bmj.com/

