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Molecular genetic testing of russian patients
with suspected juvenile polyposis syndrome
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AIM: to present the results of molecular genetic testing in patients with suspected juvenile polyposis syndrome
(JPS).
PATIENTS AND METHODS: molecular genetic testing was performed on 30 patients from 28 families (one fam-
ily had three affected relatives) who were followed from 2012 to 2024. DNA was isolated from patients’ periph-
eral blood leukocytes. The initial step involved Sanger sequencing of the SMAD4 (NM_005359.6) and BMPR1A
(NM_004329.3) genes, followed by screening for large rearrangements using MLPA (Multiplex Ligation-dependent
Probe Amplification). Finally, patient DNA was analyzed by whole-exome sequencing (WES), with confirmation
of identified variants by Sanger sequencing.
RESULTS: pathogenic and likely pathogenic variants in the BMPR1A and SMAD4 genes were identified in 18 out of 28
families (64.3%). In the BMPR1A gene, 11 out of 18 (61.1%) germline variants were found, including three large
deletions. In the SMAD4 gene, 7 out of 18 (38.9%) germline variants were detected, including one large deletion
and one large duplication. Thus, 5 out of 18 (27.8%) germline variants in these genes were large rearrangements.
In five families, previously unreported germline variants were identified (three in BMPR1A and two in SMAD4), all
classified as likely pathogenic.
CONCLUSION: pathogenic and likely pathogenic variants in the BMPR1A and SMAD4 genes were identified in 18
out of 28 families (64.3%). In the BMPR1A gene, 11 out of 18 (61.1%) germline variants were found, including
three large deletions. In the SMAD4 gene, 7 out of 18 (38.9%) germline variants were detected, including one large
deletion and one large duplication. In five families, previously unreported germline variants were identified (three
in BMPR1A and two in SMAD4), all classified as likely pathogenic. All patients with suspected juvenile polyposis
syndrome should be tested for SMAD4 and BMPR1A mutations using Sanger sequencing and MLPA. If the result is
negative, high-throughput sequencing should be employed. For patients with 20 or more adenomatous colorectal
neoplasms but no pathogenic/likely pathogenic variants in the APC and MUTYH genes, it is advisable to proceed
directly to whole-exome sequencing.
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INTRODUCTION

Juvenile polyposis syndrome (JPS) is a rare dis-
ease with an autosomal dominant type of inheri-
tance, which is characterized by multiple juvenile
polyps in the gastrointestinal tract [1]. The di-
agnosis is based presence of one of the clinical
criteria (5 or more juvenile polyps in the large
intestine, multiple juvenile polyps throughout
the gastrointestinal tract, any number of juvenile
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polyps with a family history) or with molecular ge-
netic confirmation of the disease [1]. In patients
with juvenile polyposis, the number of polyps can
vary from 5 to 200, while in addition to juvenile
polyps, adenomatous neoplasms can also occur
in the large intestine, which significantly compli-
cates the diagnosis [2]. The literature describes
clinical cases when only adenomatous neoplasms
of the large intestine were detected in patients
with a genetically confirmed diagnosis of juvenile
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polyposis [3]. Recently, DNA diagnostics makes
it possible to find the genetic cause of the dis-
ease in 40-60% of patients with JPS, who are
found to have pathogenic (probably pathogen-
ic) variants of the SMAD4 genes (NM_005359.6;
OMIM #600993) or BMPR1IA (NM_004329.3; OMIM
#601299), located on chromosomes 1821 and
10922, respectively [4]. In about 20-30% of
cases, the JPS is caused by pathogenic/probably
pathogenic variants of the BMPRI1A gene, and in
20-30% — by pathogenic/probably pathogenic
variants of the SMAD4 gene [4]. Both genes are
suppressors of tumor growth, are involved in the
signalling pathways of bone morphogenetic pro-
teins (BMP) and transforming growth factor beta
(TGF-P), and influence cellular processes such as
growth, differentiation, and apoptosis [5]. Most
pathogenic variants are point mutations or small
deletions/insertions in coding regions; however,
about 15% of the variants are extensive rear-
rangements [5,6]. Approximately 20-50% of pa-
tients with juvenile polyposis syndrome have no
family history and are caused by de novo muta-
tions [5-7]. Now, various molecular genetic test-
ing strategies are available for patients with sus-
pected JPS, including simultaneous testing of the
BMPR1A and SMAD4 genes, sequential testing of

each gene, the use of a multigenic panel, as well
as the use of full-exome or full-genome sequenc-
ing [8]. For patients with clinical signs of juvenile
polyposis syndrome, molecular genetic testing
of the BMPR1IA and SMAD4 genes should be per-
formed, including analysis of promoter regions
and large deletions/duplications [8].

AIM

To assess molecular genetic testing of patients
with suspected juvenile polyposis syndrome.

PATIENTS AND METHODS

The molecular genetic testing was performed in 30
patients from 28 families (there were 3 affected
relatives in one family simultaneously), who were
followed from 2012 to 2024. After colonoscopy,
it was found that out of 30 patients, 14 patients
with juvenile polyps in the large intestine, 11 pa-
tients with mixed (juvenile and adenomatous)
polyps, and 5 patients with only adenomatous
neoplasms were identified, in whom previously
performed DNA diagnostics showed the absence
of pathogenic variants in the APC/MUTYH genes.
The scheme of check-up is shown in Fig. 1.
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Figure 1. Diagnostic search scheme for patients with suspected juvenile polyposis syndrome
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Table 1. Results of a molecular genetic study of the families (n = 28) included in the study

p.(Arg361Ter)

Hereditary variants Genes Rate
Pathogenic/probably pathogenic SMAD4 BMPR1A 18/28 (64.3%)
Variants of unclear value BMPR1A 2/28 (7.1%)
Absent - 8/28 (28.6%)

Table 2. Hereditary variants of the BMPR1A gene (NM_004329.3) (n=11)
The point variant Extensive rearrangements New variant Pathogenicity (criteria)
€.675 + 4del - Yes LP*
PM2 (M)
PP3 (supp)
PP1 (Strong)
c.1081C>T - - -

(88673810_?)del]

- del 9-13 ex [NC_000010.99.(88662150_88667040)_ - -

- del 8 ex [NC_000010.9 g.(88649700_88662150)_ - -
(88662150_88667040)del]

c.127_128del - Yes LP
p.(Lys43ValfsTer27) PVS1 (VS)
PM2 (M)
€.333+5G6>C - - -
c.128_137del - - _
p.(Lys43MetfsTer3)
c.1473+1G>T - - -
€.1537_1559del - Yes LP
p-(Thr513AlafsTer6) PVS1 (VS)

- del 1-5 ex [NC_000010.9 g.(?_88506400)_ -
(88641940_88649630)del]

PM2 (M)

c.355C>T -
p.(Arg119Cys)

Note: LP — Likely pathogenic

The DNA was isolated from the peripheral blood of
patients using an automatic MagNa Pure Compact
station using the MagNa Pure Compact Nucleic
Acid Isolation Kit (Roche). The DNA concentration
was measured using a Denovix instrument using
a Qubit HS assay (Thermo Fisher) kit. The SMAD4
and BMPR1A genes (exons with adjacent introns)
were sequenced using the Sanger method using
an ABI PRISM 3500 device (8 capillaries; Applied
Biosystems) using original seed primers. Large re-
arrangements were detected by the MLPA meth-
od (MRC Holland SALSA MLPA Probemix P158-D1
JPS). Full-exome sequencing was performed on a
NextSeq 550 sequencer (Illumina), according to
the manufacturer’s protocol.

The pathogenic and probably pathogenic signifi-
cance of the detected variants was studied using
CanVIG-UK Gene Specific Recommendations, as
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well as the resources of Franklin, GnomAD, Broad
Institute Genomics and the SpliceAl Lookup Broad
Institute.

RESULTS

Pathogenic/probably pathogenic variants of the
BMPR1A and SMAD4 genes were found in 18 out of
28 families (64.3%): 7/18 (38.9%) families had a
pathogenic/probably pathogenic variant of the
SMAD4 gene, 11/18 (61.1%) families had a patho-
genic/probably pathogenic variant of the BMPR1A
gene.

In 2/28 (7.1%) patients, missense variants were
found, which were classified as variants of the
unclear value of the BMPRIA gene: c.385T > G
p.(Leu129val) and c.94G > C p.(Gly32Arg). No
hereditary variants of the BMPRIA and SMAD4
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Table 3. Hereditary variants of the SMAD4 gene (NM_005359.6) (n=7)

The point variant Extensive rearrangements New variant Pathogenicity (criteria)
c.346C>T - Yes LP
p.(Gln116Ter) PVS1 (VS) PM2 (M)
- dup 2-12 [NC_000018.8 g.(46811230_46827460)_ - -

(46858720_?)dup]

c.1081C>A - - -
p.(Arg361Ser)

C.425-6A>G - - _
c.705dup* - Yes LP
p.(Gly236ArgfsTer28) PVS1 (VS) PM2 (M)
c.403C>T - - _
p.(Arg135Ter)

- del 1 ex [NC_000018.8 g.(?_46810320)_ - -

(46811230_46827460)del]

Note: LP — Likely pathogenic; *

genes were found in 8 probands out of 28 families
(28.6%) (Table 1).

11 pathogenic/probably pathogenic variants were
identified in the BMPRIA gene, of which 3 were
large deletions (Table 2).

There are 7 variants in the SMAD4 gene, including 1
large deletion and 1 large duplication (Table 3). As
an example, let us present a patient and his pedi-
gree with the presence of the ¢.425-6A > G variant
in the SMAD4 gene, which are shown in Figures 2
and 3, respectively.

It is extremely important to note that among pa-
tients with only adenomatous polyps, 2 variants
were found in the BMPR1A gene (c.1081C > T; del
9-13 ex) and 3 variants in the SMAD4 gene (dup
2-12; c.705dup; c.705dup).

DISCUSSION

If the clinical criteria for juvenile polyposis in a
patient are met, the first step is to identify patho-
genic/likely pathogenic variants in the BMPRIA
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The variant was found in 3 affected relatives from the same family.

and SMAD4genes. In patients with mixed polypo-
sis or in patients with 20 or more adenomatous
neoplasms in the large intestine, pathogenic/
probably pathogenic variants in the APC and
MUTYH genes are primarily identified, and in their
absence, the method of full-exome sequencing is
used [18-20]. This algorithm makes it possible
to diagnose the presence of juvenile polyposis
syndrome not only in patients with mixed polyps
(adenomatous and juvenile) in the large intestine,
but also in patients with only adenomatous neo-
plasms. In the study, the incidence of pathogen-
ic/probably pathogenic hereditary variants was
64.3%, which is higher than the similar incidence
in the USA, Germany, Israel, Singapore, but lower
than in Denmark (Table 4). At the same time, the
incidence of large rearrangements identified by us
is significantly higher (27.8%) than in the other
countries, which indicates the need to include
the MLPA method in routine DNA diagnostics for
patients with suspected juvenile polyposis, in the
event that Sanger’s sequencing does not reveal
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Figure 2. Sequenogram of the pathogenic variant c.425-6A >
(NM_005359.6)

MoneKynﬂpHo-reHe'mquKoe uccnepoeaHue pOCCHﬁCKHX NAunMeHToB
C NOAO3PEHNEM HO CMHAPOM IOBEHUIBHOTO noaunosa

G (indicated by arrow) in the sequence of the SMAD4 gene
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Table 4. Pathogenic variants of SMAD and BMPR1A genes in patients with juvenile polyposis [10,13-15]

Author Year | Country | Families | Rate of pathogenic variants | Number of pathogenic variants
(n) (%) / genes / genes
Point-based | Large deletions

S. Aretz [11] 2007 | Germany 80 39/65 (60%) 17 SMAD4 6 SMAD4
23/39 (59%) SMAD4 13 BMPRIA 3 BMPRIA
16/39 (41%) BMPRIA

W.A. Van Hattem [12] | 2008 |  USA 27 13/27 (48%) 4 BMPR1A 2 BMPR1A/PTEN
7/13 (53.8%) SMAD4 7 SMAD4

6/13 (46.2%) BMPR1A/PTEN
S. Cohen [13] 2024 Israel 124 55/124 (44%) 29/55 (52.7%) - -
SMAD4 26/55 (47.3%) BMPR1A
J. Howe [14] 2004 |  USA 77 30/77 (39%) - -

14/30 (46.7%) MADH
16/30 (53.3%) BMPR1A

D. Calva-Cerqueira [15] | 2008 | Singapore 102 42/102 (41%) 10 SMAD4 10 SMAD4
20/42 (47.5%) SMAD4 15 BMPR1A 7 BMPR1A
22/42 (52.5%) BMPRI1A

S.P. MacFarland [16] 2021 USA 118 54/118 (46%) 24 BMPR1A 3 BMPR1A/PTEN
27/54 (50%) SMAD4 u 27 SMAD4

24/54 (44.4%) BMPR1A
3/54 (5.6%) BMPR1A/PTEN

A. M. Jelsig [17] 2023 | Denmark 32 27/32 (87%) 19 SMAD4 1 BMPR1A/PTEN
19/27 (70.4%) SMAD4 6 BMPR1A
7/27 (25.9%) BMPR1A/PTEN 1 PTEN

1/27 (3.7%) PTEN

their specific hereditary variants. In addition, ger- value was established for all of them. It is worth
minal variants previously undescribed in the world noting that all new variants are located in differ-
(3 in the BMPR1A gene and 2 in the SMAD4 gene) ent parts of the studied genes, and not in the “hot
were found in 5 families, and probably pathogenic spots.” Therefore, it is necessary to sequence the

. o af ‘ o

P f__
1. FCRA -57 2. Died-75 3. Died-40 4. Oncological
Died-58 ' Disease-78
Died-78
! d 2. CRC -57
B{EERE Died-58
; /' 3
1. FCRA-8 2 JPS/HHT -37
Died-9 CRC -37 '
\Y) SMAD4
1. FCRA -18

Died-19
Figure 3. Pedigree of a patient with JPS and pathogenic variant c.425-6A > Gin the SMAD4 gene

Note: FCRA — familial colorectal adenomatosis; CRC — Colorectal cancer; JPS — juvenile polyposis syndrome; HHT — hereditary
hemorrhagic telangiectasia
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entire coding sequence of the gene with adjacent
intronic regions.

In patients who have not identified a pathogenic/
probably pathogenic variant in the SMAD4 and
BMPR1A genes, it is recommended to test the PTEN
gene [7]. However, during full-exome sequenc-
ing in patients, no pathogenic/probably patho-
genic variants of the PTEN gene were detected.
According to HGMD Professional, one of the most
comprehensive databases on mutations in the hu-
man genome in the world, more than 160 patho-
genic/probably pathogenic variants in the SMAD4
gene and more than 180 in the BMPR1A gene have
been described so far. Since the incidence of de-
tectable pathogenic variants in various genes in
patients with JPS does not exceed 87%, the pres-
ence of other genes with pathogenic/probably
pathogenic variants responsible for JPS cannot be
excluded.

CONCLUSION

The high incidence of pathogenic/probably patho-
genic variants, including the presence of previ-
ously undescribed variants, indicates the need
for an integrated approach to molecular genetic

JIUTEPATYPA /REFERENCES

1. Syngal S, Brand RE, Church IM, et al. ACG clini-
cal guideline: Genetic testing and management of
hereditary gastrointestinal cancer syndromes. Am J
Gastroenterol. 2015;110(2):223-262. doi: 10.1038/
ajg.2014.435

2. Gao XH, Li J, Zhao ZY, et al. Clinical and genet-
ic risk factors for Fanconi anemia in juvenile pol-
yposis patients. BMC Gastroenterol. 2020;20(1):167.
doi: 10.1186/5s12876-020-01238-7

3. Rosner G, Bannon SA, Mork M, et al. Adenomatous
Polyposis Phenotype in BMPR1A and SMAD4 Variant
Carriers. Clin Transl Gastroenterol. 2022;13(10):e00527.
doi: 10.14309/ctg.0000000000000527

4. Vasen HFA, Tomlinson I, Castells A. Clinical man-
agement of hereditary colorectal cancer syndromes.
Nat Rev Gastroenterol Hepatol. 2015;12(2):88-97.
doi: 10.1038/nrgastro.2014.229

5. Stoffel EM, Kastrinos F. Familial Colorectal
Cancer, Beyond Lynch Syndrome. Clin Gastroenterol
Hepatol. 2014;12(7):1059-1068. doi: 10.1016/j.

MoneKynﬂpHo-reHe'mquKoe uccnepoeaHue pOCCHﬁCKMX NAunMeHToB
C NoAo3peHUeM Ha CUHAPOM IOBEHUIBHOIO Noaunosa

diagnosis for patients with suspected JPS. It is
advisable for all patients to start the study with
the SMAD4 and BMPR1A genes using Sanger’s and
MLPA sequencing methods, and if the result is
negative, using the high-throughput sequencing
method; patients with 20 or more adenomatous
neoplasms of the large intestine, but with the
absence of pathogenic/probably pathogenic vari-
ants in the APC and MUTYH genes, need to undergo
full-exome sequencing.

AUTHORS CONTRIBUTION

Conceptand design of the study: Alexey S. Tsukanov,
Alexey A. Barinov, Tatyana A. Vlasko

Collection and processing of the material:
Anna N. Loginova, Tatyana A. Vlasko

Writing of the text: Tatyana A. Vlasko

Editing: Alexey A. Barinov, Alexey S. Tsukanov,
Alexey A. Ponomarenko

INFORMATION ABOUT THE AUTHORS (ORCID)
Tatyana A. Vlasko — 0000-0003-4533-6555
Anna N. Loginova — 0000-0002-7248-111X
Alexey A. Barinov — 0000-0002-1443-960X
Alexey S. Tsukanov — 0000-0001-8571-7462
Alexey A. Ponomarenko — 0000-0001-7203-1859

cgh.2013.08.015

6. Macaron C, Burke CA. Hereditary colorectal can-
cer syndromes and genetic testing. J Surg Oncol.
2015;111(1):103-111. doi: 10.1002/j50.23772

7. Branddo C, Lage P, Figueiredo C, et al. Management
of Patients with Hereditary Colorectal Cancer
Syndromes. GE Port J Gastroenterol. 2015;22(5):204—
212. doi: 10.1016/j.jpge.2015.06.002

8. Alimi A, Weeth-Feinstein LA, Anglesio MS, et al.
Overlap of juvenile polyposis syndrome and Cowden syn-
drome due to de novo chromosome 10 deletion involv-
ing BMPR1A and PTEN: implications for treatment and
surveillance. Am J Med Genet A. 2015;167A(6):1305-
1308. doi: 10.1002/ajmg.a.36977

9. Breckpot J, Thienpont B, Bauters M, et al. BMPR1A is
a candidate gene for congenital heart defects associ-
ated with the recurrent 10q22g23 deletion syndrome.
Eur J Med Genet. 2012;55(1):12-16. doi: 10.1016/j.
ejmg.2011.08.004

10. Dahdaleh FS, Carr JC, Calva D, et al. Juvenile

Molecular genetic testing of russian patients
with suspected juvenile polyposis syndrome

17


https://doi.org/10.1038/ajg.2014.435
https://doi.org/10.1038/ajg.2014.435
https://doi.org/10.1186/s12876-020-01238-7
https://doi.org/10.14309/ctg.0000000000000527
https://doi.org/10.1038/nrgastro.2014.229
https://doi.org/10.1016/j.cgh.2013.08.015
https://doi.org/10.1016/j.cgh.2013.08.015
https://doi.org/10.1002/jso.23772
https://doi.org/10.1016/j.jpge.2015.06.002
https://doi.org/10.1002/ajmg.a.36977
https://doi.org/10.1016/j.ejmg.2011.08.004
https://doi.org/10.1016/j.ejmg.2011.08.004

CTATbS1 HOMEPA

LEADING ARTICLE

polyposis and other intestinal polyposis syndromes
with microdeletions of chromosome 10q22-23. (lin
Genet. 2012;81(2):110-116. doi: 10.1111/j.1399-
0004.2011.01767.x

11. Aretz S, Stienen D, Uhlhaas S, et al. High pro-
portion of large genomic STK11 deletions in Peutz-
Jeghers syndrome. Hum Mutat. 2005;26(6):513-519.
doi: 10.1002/humu.20253

12. van Hattem WA, Brosens LAA, de Leng WWJ, et
al. Large genomic deletions of SMAD4, BMPR1A and
PTEN in juvenile polyposis. Gut. 2008;57(5):623-627.
doi: 10.1136/gut.2007.142927

13. Cohen S, Yerushalmy-Feler A, Rojas I, et al. Juvenile
polyposis syndrome in children: The impact of SMAD4
and BMPR1A mutations on clinical phenotype and polyp
burden. J Pediatr Gastroenterol Nutr. 2024;79(1):161-
167. doi: 10.1002/jpn3.12257

14. Howe JR, Sayed MG, Ahmed AF, et al. The preva-
lence of MADH4 and BMPR1A mutations in juve-
nile polyposis and absence of BMPR2, BMPR1B, and
ACVR1 mutations. J Med Genet. 2004;41(7):484-491.
doi: 10.1136/jmg.2004.018598

15. Calva-Cerqueira D, Chinnathambi S, Pechman B,
et al. The rate of germline mutations and large dele-
tions of SMAD4 and BMPR1A in juvenile polyposis.

KOJNIOMNPOKTONOINS, Tom 25, N2 1, 2026

Clin Genet. 2009;75(1):79-85. doi: 10.1111/j.1399-
0004.2008.01091.x

16. MacFarland SP, Ebrahimzadeh JE, Zelley K, et al.
Phenotypic differences in juvenile polyposis syndrome
with or without a disease-causing SMAD4/BMPR1A
variant. Cancer Prev Res (Phila). 2021;14(2):215-222.
doi: 10.1158/1940-6207.CAPR-20-0349

17. Jelsig AM, van Overeem Hansen T, Gede LB, et
al. Whole genome sequencing and disease pattern
in patients with juvenile polyposis syndrome: a
nationwide study. Fam Cancer. 2023;22(4):429-436.
doi: 10.1007/510689-023-00338-z

18. Shelygin YA, Imyanitov EN, Kutsev SI, et al.
Clinical guidelines. Adenomatous polyposis syndrome
Koloproktologia. 2022;21(2):10-24. (in Russ.).

19. Toboeva MH, Shelygin YA, Frolov SA, et al
MUTYH-associated polyposis of the colon. Ter Arkh.
2019;91(2):97-100. (in Russ.). doi: 10.26442/ter-
arkh201991297-100

20. Tsukanov AS, Shubin VP, Kuzminov AM, et al.
Differential diagnosis of MUTYH-associated polypo-
sis and sporadic colon polyps. Russ J Gastroenterol
Hepatol Coloproctol. 2018;28(6):51-57. (in Russ.).
doi: 10.22416/1382-4376-2018-28-6-51-57

KOLOPROKTOLOGIA, vol. 25, N2 1, 2026


https://doi.org/10.1111/j.1399-0004.2011.01767.x
https://doi.org/10.1111/j.1399-0004.2011.01767.x
https://doi.org/10.1002/humu.20253
https://doi.org/10.1136/gut.2007.142927
https://doi.org/10.1002/jpn3.12257
https://doi.org/10.1136/jmg.2004.018598
https://doi.org/10.1111/j.1399-0004.2008.01091.x
https://doi.org/10.1111/j.1399-0004.2008.01091.x
https://doi.org/10.1158/1940-6207.CAPR-20-0349
https://doi.org/10.1007/s10689-023-00338-z
https://doi.org/10.26442/terarkh201991297-100
https://doi.org/10.26442/terarkh201991297-100
https://doi.org/10.22416/1382-4376-2018-28-6-51-57


 
 
    
   HistoryItem_V1
   Splitter
        
     Columns: 2
     Rows: 1
     Overlap: -36.85 points
     Make overlap into bleed: no
     Split only wide pages: no
      

        
     D:20260219124707
      

        
     0
     2
     1
     RowsAndCols
     0
     0
     -36.8504
     755
     258
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     1
            
                
         AllDoc
              

       PDDoc
          

      

        
     QITE_QuiteImposingPlus5
     Quite Imposing Plus 5.3s
     Quite Imposing Plus 5
     1
      

   1
  

    
   HistoryItem_V1
   PageTools
        
     Action: Move pages
     Range: From page 1 to page 1
     Where: after last page
      

        
     D:20260219124707
      

        
     MovePages
     2
     1
     AtEnd
     747
     315
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
            
                
         1
         SubDoc
         1
              

      
       PDDoc
          

      

        
     QITE_QuiteImposingPlus5
     Quite Imposing Plus 5.3s
     Quite Imposing Plus 5
     1
      

   1
  

 HistoryList_V1
 qi2base



