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Aim: to reveal the rate of large rearrangements in the genes responsible for familial adenomatous polyposis, MUT-
YH-associated polyposis and Peutz—Jeghers syndrome.

Materials and methods. The MLPA method was used for identification of large rearrangements. A total number
of 135 patients was included in the study: 83 patients with a clinical diagnosis of “familial adenomatous polyposis”,
18 — with suspected MUTYH-associated polyposis, and 34 — with a clinical diagnosis of “Peutz—-Jeghers syndrome”.
Results. Seven large deletions and one large duplication in the APC gene were identified in 83 patients with clas-
sic familial adenomatous polyposis, with rate of large rearrangements 9.6 % (8/83). In 18 patients with suspected
MUTYH-associated polyposis, no large rearrangements were found in the MUTYH gene. Four large deletions in the
STK11 gene (12 %, 4/34) were detected in 34 patients with Peutz—Jeghers syndrome.

Conclusion. For the first time, the expediency of including the method of detecting large rearrangements in routine
DNA test list for Russian patients with various hereditary polyposis syndromes is demonstrated. Routine use of MLPA
method makes it possible to increase the total frequency of detection of pathogenic variants in the APC and STK11
genes above 90 %. At the same time, the need for searching of large rearrangements in the MUTYH gene were not
justified.
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MpoTsiXXeHHble NepecTPONKU B reHaxX, OTBETCTBEHHbIX 32 pa3BUTUE CEMENHOro
ageHomMaTto3a ToJsiIcTon Kuwku, MUTYH-accounmpoBaHHOro nonauno3a

n cuHapoma lNentua—Erepca y poCCMUCKUX NaLUEHTOB
A.H. JTornHosa*, lO.A. LLenbirunH, B.M. Ly6uH, A.M. KyabmuHos, [.10. MukyHos, T.A. CaBenbesa, A.C. LlykaHoB

DIrbY «HaumoHanbHbIi MeANLMHCKNI NCCEA0BaTE IbCKNIA LIEHTP KOJI0MPOKTO0rn uMeHu A.H. Pbixiunx»
MuHucTepcTBa 3apaBooxpaHeHus Poccurickori ®eanepaummn, Mocksa, Poccuriickas denepaums

Llenb uccnepoBaHuns: MNONCK NPOTSXXEHHbIX NEPECTPOEK B FreHaxX, OTBETCTBEHHbLIX 32 Pa3BUTME CEMENHOIo afeHo-
mMaTo3a TOJICTOM Knwku, MUTYH-accouumpoBaHHOro noannosa v cuHgpoma lMentua—Erepca.

Martepuanbl U MeToAabl. [119 nCCneaoBaHns KPYMHbIX NepecTpoek ncnonb3osanu meton MLPA. O6Lee yicno na-
umeHToB coctaBuio 135 yenosek (83 — nauMeHTbl C KIIMHUYECKUM ANArHO30M «CEMEVHbI aAeHOMaT0o3 TONCTOM
Kuwku», 18 — ¢ nogo3peHnem Ha MUTYH-accoumMnpoBaHHbIA NoAmMnos, 34 — C KINHMYECKMM ONArHO30M «CUH-
apowm lMNMentua—Erepca»).

Peaynbratbl. Cpegy 83 nmauyeHTOB C AMArHO30M Kjlaccuyeckon (popMbl CEMEMHOro ageHomMarto3a TOJICTON
KMk B reHe APC oGHapyXeHO 7 KpymHbIX geneuui n 1 kpynHasa gynavkauusi, 4to coctasuno 9,6 % (8/83).
Y 18 nmaumeHToB € nogo3peHnemM Ha Hanuine MUTYH-accouumMpoBaHHOIO NoavMno3a KPynHbIX MEPECTPOEK B reHe
MUTYH He obHapyxeHo. Cpean 34 naumeHToB, CTpagalowmx cuHapomMmom lMentua—Erepca, BbisiBNeHbl 4 KPyrHble
aeneuuyn, 4To coctaBmno 12 % (4/34).

BbiBoAbl. BriepBbie nokasaHa LenecoobpasHOCTb BKIIOYEHUS B PYTUHHYIO JHK-anarHoCTrKy pocCUMCKMX naum-
€HTOB C PasfNYyHbIMU HaACNEACTBEHHbIMU MOJINMO3HLIMU CUHAPOMAaMU MeToAa AeTeKUUn KPYMHbIX MepecTpoek,
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4YTO MO3BOJIUT MOAHATbL CYMMAPHYIO YacTOTy OOHAPY>XEHHbIX MaTOreHHbIX BapuaHToB B reHax APC n STK11 Bblille
90 %. MNpn 3TOM HEOBXOAMMOCTb NOUCKA NPOTSIXKEHHBLIX Aeneunii/oynnukauunii B reHe MUTYH HeonpaBaaHHa.
KnioueBble cnoBa: ceMelHbI adeHoOMaTo3 TONCTOM Kuwku, MUTYH-accounmpoBaHHbI MOAMnos, cuHapom lMent-

ua—Erepca, KkpynHble reHHble nepecTporku, metog MLPA

KoHdnukT MHTEepecoB: aBTopbl 3asBNSIOT 06 OTCYTCTBUN KOHMNNKTA NHTEPECOB.

Ans umtupoBanus: JlornHosa A.H., LUenbirvH tO.A., LLIy6uH B.TM., Kyabmunos A.M., MukyHos [.10., Caenbesa TA., LlykaHos A.C. Mpo-
TSDKEHHbIE MEPECTPOVIKN B FeHax, OTBETCTBEHHbIX 32 Pa3BUTNE CEMENHOMO aeHoMaTo3a TONCToM kuwkn, MUTYH-accoummpoBaHHOO
nonunnosa u cungpoma MenTua—Erepca y poccuiicknx naumMeHToB. POCCUINCKMIA XXypHan raCTPO3HTEPOSIOrN, renatonorum, Kono-
npokTonoruun. 2023;33(1):59-67. https://doi.org/10.22416/1382-4376-2023-33-1-59-67

Introduction

Colorectal cancer (CRC) is currently the third
most common cancer in the world (second in men)
and the second largest in terms of mortality [1, 2].
In recent years, a significant younger age of patients
at detection of colorectal cancer causes reasonable
concern of specialists [3]. Approximately 90 % of
CRC cases develop sporadically, and only a small
part (< 10 %) is genetically determined [4]. The
most common hereditary polyposis syndromes lead-
ing to CRC include familial adenomatous polyposis,
MUTY H-associated polyposis and Peutz—Jeghers
syndrome.

Familial adenomatous polyposis is a syndrome
with an autosomal dominant inheritance, character-
ized by a large number of colorectal polyps (from
100 to several thousand). The first manifestations of
the disease appear at the age of 20 years [5]. The
prevalence of familial adenomatous polyposis is less
than 1 % of all cases of colorectal cancer [4]. Polyps
occur throughout the large intestine, which inevita-
bly leads to cancer in the absence of timely surgical
treatment. There are classical and attenuated forms
of familial adenomatous polyposis. The attenuat-
ed form characterized by a milder course and few-
er number of polyps (less than 100) [4]. The cause
of familial adenomatous polyposis in most cases is
the presence of a germline pathogenic variant in the
APC gene, which is a tumor suppressor gene and
participates in the regulation of the Wnt-pathway
[6, 7]. Recently, the HGMD database [8] includes
2,099 different hereditary variants in the APC gene,
of which the main share consists of small deletions —
799 (38 %), missense/nonsense — 587 (28 %), small
inserts/duplications — 343 (16 %), large deletions —
146 (7 %), variants of the splicing site — 125 (6 %),
large duplications — 20 (1 %), etc.

MUTY H-associated polyposis syndrome has an
autosomal recessive type of inheritance, character-
ized by a significant number (from 20 to several hun-
dred) of adenomatous polyps in the large intestine
[9]. In addition to adenomatous polyps, serrated, hy-
perplastic and mixed polyps may occur in MUTYH-
associated polyposis [10]. Cases with a large number
of polyps, or their complete absence, also described.
The average age of diagnosis of colorectal cancer
in patients with MUTY H-associated polyposis is
48 years, while cases of duodenal, ovarian, bladder,

breast and endometrial cancers are possible as well
[10—12]. The cause of MUTY H-associated polyposis
is biallelic pathogenic variants in the MUTYH gene.
This gene encodes a DNA glycosylase involved in
the repair of oxidative DNA damage [13]. Currently,
220 pathogenic variants are described. Of these, 145
(66 %) are missense/nonsense variants, 32 (15 %)
are mutations of the splice site variants, 18 (8 %)
are small deletions, 8 (4 %) are large deletions, 5
(2 %) are substitutions causing regulatory violations,
5 (2 %) are small inserts/duplications, 1 (0.5 %) —
large insertion/duplication, etc. [8].

Peutz—Jeghers syndrome has an autosomal dom-
inant type of inheritance, and is characterized by a
combination of polyposis of the gastrointestinal tract
with mucocutaneous pigmentation, as well as a pre-
disposition to the cancer [14, 15]. Hamartomatous
polyps developing in Peutz—Jeghers syndrome are
most often found in the small intestine, but can also
occur in the stomach, large intestine and other hollow
organs [14]. Polyps can cause serious complications,
including intussusception, intestinal obstruction,
and rectal prolapse, as well as severe gastrointestinal
bleeding with secondary anemia. The age of onset
of symptoms varies, so in some children complaints
appear already during the first few years of life [14,
15]. The diagnosis of “Peutz—Jeghers syndrome”
based on clinical data, and the identification of a
heterozygous pathogenic variant in the STK77 gene
using molecular genetic testing confirms this diag-
nosis. The STK71 gene is a tumor suppressor gene
and encodes the protein serine-threonine kinase 11,
which participates in the regulation of cell polar-
ity, apoptosis and angiogenesis [14, 16]. Recently,
577 pathogenic variants in the STK77 gene were de-
scribed. They include missense/nonsense variants —
245 (42 %), also small deletions — 103 (18 %), large
deletions — 98 (17 %), small inserts/duplications —
60 (10 %), splice site variants — 45 (8 %), large
duplications — 4 (0.7 %) and others [8].

At the moment, there are practically no scientific
papers in Russia devoted to the search for extended
deletions/duplications in patients with familial ad-
enomatous polyposis, MUTY H-associated polyposis,
as well as Peutz—Jeghers syndrome. In this regard,
the aim of our study was to assess the need of inclu-
sion of additional test for identification of large rear-
rangements in APC, MUTYH and STK11 genes in
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the routine protocol of DNA tests for patients with
different polyposis syndromes.

Materials and methods
Patients

A total number of 135 patients was included in
the study: 83 patients with clinical presentation of
familial adenomatous polyposis, 18 — suspected for
MUTY H-associated polyposis, and 34 — with a
clinical diagnosis of “Peutz—Jeghers syndrome”.

Patients with familial adenomatous polyposis
underwent surgical treatment at the Federal State
Budgetary Institution “Ryzhikh National Medical
Research Center of Coloproctology” of the Ministry
of Health of Russia from January 2020 to April 2022.
The selection criteria were young age (up to 45 y.o.)
and the presence of more than 100 polyps in the
bowel [17].

Patients with suspected MUTY H-associated
polyposis and Peutz—Jeghers syndrome underwent
treatment from January 2013 to April 2022 at the
same institution. The selection criteria for patients
with suspected MUTY H-associated polyposis were
20 or more colorectal polyps [17], as well as the ab-
sence of pathogenic variants in the APC gene. At the
same time, four patients had a previously identified
monoallel mutation in the MUTYH gene.

The selection criteria for patients with Peutz —
Jeghers syndrome were the presence of > 2

hamartomatous polyps in the gastrointestinal tract,
the family history and/or the presence of specific
mucocutaneous pigmentation [15].

All patients underwent a complete checkup, which
included family history and history of the disease,
esophagogastroduodenoscopy, colonoscopy, abdomi-
nal ultrasound and chest and abdominal CT, as well
as capsule endoscopy of the small intestine for pa-
tients with Peutz—Jeghers syndrome. Informed con-
sent obtained in all cases (Local Ethical Committee
Protocol 4a/14, 04.04.2014).

DNA extraction

DNA was obtained from the peripheral blood of
patients using the Promega isolation Kit (Wizard
(R) Genomic DNA Purification Kit 500 Isolations),
the procedure was performed according to the man-
ufacturer’s protocol. The DNA concentration was
measured using the DeNovix QFX device (Denovix,
USA), using the Qubit dsDNA HS assay Kit
(ThermoFisher Scientific, USA) to determine the
DNA concentration. A DNA concentration of at
least 10 ng/uL used for the work.

MLPA Method

Traditional Sanger sequencing cannot detect
large DNA deletions/duplications. In our study,
we used the most common method for detecting of
large rearrangements — MLPA (Multiplex Ligation-
dependent Probe Amplification).

Table 1. Rate of large gene rearrangements detection in different countries in patients with familial
adenomatous polyposis and MUTY H-associated polyposis

Tabauya 1. YacTora BbISBJAEHUS MPOTSKEHHBIX TEHHBIX NMEPECTPOEK B PA3JMUYHBIX CTPaHax y GOJTbHBIX
¢ ceMelHbIM ajieHoMaTo30M ToJictoil Kuimkn u M UT'Y H-accolmumpoBaHHbBIM TIOJUIIO30M

Rreference Country Large del/dup APC Large del/dup MUTYH
Ccbuika Crpana [TpoTsKeHHbIE TEPECTPONKI TTpOTSKEHHbIE TIEPECTPORKH
[19] Iéléll?rg;g 10 % (9/87) 0%
[20] Bgfpfjllm 8.7 % (2/23) 4.3 % (1/23)
[21] Jpopan 7.3 % (6/82) 0%
[22] SIWB‘Zi;f; 8.3 % (2/24) ﬁfg
[24] Belgium 4.7 % (4/85) E?g
[23] China 14 % (2/14) nd
[28] il 5.8 % (2/34) W
[25] Sk 2 % (28/1421) 0%
[26] Tovece 0 % (0/25) 0 % (0/25)

Note. n/d — no data.
IIpuMeyanue. H/ — HET JAHHDIX.
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Table 2. Clinical characteristics of patients with familial adenomatous polyposis and large alterations
in the APC gene

Tabauua 2. Kinnudeckne XapaKTePUCTUKU HAIMEHTOB € CeMEHHBbIM aJeHOMATO30M TOJICTON KUIIKK
" KpyIHbIMU TiepecTpoiikamu B rene APC

Patient number Age of diagnosis Large del/dup
Ne marenTa Bospact anarnosa [IpoTssxennble iepecTpoiiKku
A747 33 del 4, 8—15
A834 41 dup 1—-10
A836 36 del prB
A846 36 del 8—10
A853 29 del prB
A855 24 del 14
A875 33 del prB
A903 24 del APC
APC gene
B ren APC

Fig. 1. The layout of large deletions/duplications in the APC gene found in the study sample. Deletions represented
in red, duplication — in blue

Puc. 1. CxeMa pacroJio;keHus1 MPOTSKEHHbIX Jesentnit/ gymukanuii B8 rene APC, o6Hapy>KEHHbIX B HCCJEyeMOil
BbIGOpKe. /lesern 1mpecTaBIeHbl KPACHBIM I[BETOM, JYILIMKAINS — CHHUM
Table 3. Rate of detection of large deletions/duplications in patients with Peutz—Jeghers syndrome
in various countries

Tabauya 3. Yacrora BBISABICHHUS TPOTSIKEHHBIX JIEJEIMH/ IyTIMKAIMH Y TAIMEeHTOB ¢ CHHIPOMOM
[Teiitiia — Erepca B pa3/imyHbIX cTpaHax

Reference Country Large del/dup STK11
CcpLika Crpana [IpotsskeHnble nepecTpoitkn

[32] %@?{% 24 % (17/71)

Australia o

[33] ABcTpanus 30 % (10/33)

[29] England 14 % (11,/76)

[31] China 45 % (5/11)

[34] PBI;?I‘g;g 38 % (5/13)

[35] Chile 31 % (4/13)

[30] ggz&gﬁ;ﬁ; 13 % (3/23)
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We performed the search for large deletions/du-
plications of APC, MUTYH, STK11 genes using
a mixture of MRC-Holland (Netherlands) SALSA
MLPA Probemix probes P043 — APC, P378 —
MUTYH and P101 — STK11, respectively, accord-
ing to the manufacturer’s instructions [18].

Amplification products were separated us-
ing fragment analysis on an ABI PRISM 3500
sequencer (ThermoFisher Scientific, USA) us-
ing the GeneScan600 LIZ dye Size Standard v2.0
(ThermoFisher Scientific, USA). The obtained re-
sults were analyzed using software Coffalyser.Net
v.140721.1958 (MRC-Holland, Netherlands).

Statistical processing of the obtained data was
carried out using the Statistica 10.0 program.

Results and discussion
Familial adenomatous polyposis

Initially, the samples from all 83 patients with
familial adenomatous polyposis were sequenced by
Sanger for searching point pathogenic variants in
the APC gene, which were revealed in 68 (82 %)
patients. Then, we used the MLPA method in the
remaining 15 patients for searching large rear-
rangements, and found them in 8/15 cases. Thus,
the detection rate of large deletions/duplications

Table 4. Clinical characteristics of patients with large deletions/duplications in the STK77 gene

Tabauya 4. KnuHudeckne XapakTePUCTUKU NAIMEHTOB ¢ MPOTSAKEHHBIMU JIeJIelUsAMI,/ Iy ITHKAIUAME

B rene STK11

Age
of diagnosis
Bospacr
JIHarHO3a

Patient number
Ne maruenra

Clinical features
Kinnnueckue oco6eHHOCTH

Large del/dup
[Ipotsizkennbie

Stkit1 6

Total polyposis of the gastrointestinal tract.
The skin of the lips is pigmented
TorasbHbLIl MOJINIO3 JKENYA0THO-KUIIEYHOTO TPAKTA.
Koska ry6 nurmMeHTHpoBana

del 2—10

Stk16 16

Multiple polyps of the jejunum and colon.
Pigmentation at the age younger than 40 years
MHOKecTBEHHbBIE TTOJIAIIBI TOIIEN 1 TOJICTOM KHUIITKU.
IIurmenramug go 40 ger

del 2—8

Stk26 D

Total polyposis of the gastrointestinal tract.
The skin of the lips is pigmented
ToTa/lbHBII MOINUIO3 KeslyJOYHO-KUIIEYHOIO TPAKTa.
Koska ry6 nurmentupoBana

del 1

Stk40 28

Total polyposis of the gastrointestinal tract.
Characteristic pigmentation of the mucous membrane
of the lips, cheeks, etc.

del 1

ToTa/bHbII TTOINII03 SKETy0YHO-KUIIEYHOTO TPaKTa.
XapakTepHasi MUIMEHTAINST CAU3UCTON 000I04KHU Y0,
IeK U JIp.

SIK11 gene
reH STK11

exone
JK30Hb!

Fig. 2. Layout of large deletions/duplications in the STK77 gene

Puc. 2. CxeMa paciioyiosKeHust MPOTsKEHHbIX jAeseril/ ayinkaruii B rene STK 11, oGHAPYKEHHBIX B HCCJIELyeMOil
BBIGOPKE
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in presented group with familial adenomatous pol-
yposis was 9.6 % (8/83). At the same time, the
total rate of all pathogenic variants in the APC
gene reached 91.5 % (76/83).

It should be noted that in comparison with
the rate of large rearrangements in patients from
other countries, the results obtained in our study
are most similar to those of patients with famil-
ial adenomatous polyposis from Hungary (10 %)
[19], Brazil (8.7 %) [20], Spain (7.3 %) [21] and
Sweden (8.3 %) [22] (Table 1). Globally, the max-
imal rate of large rearrangements was detected in
China (14 %) [23], and the lowest — in Belgium
(4.7 %) [24] and the USA (2 %) [25]. Moreover,
no large deletions/duplications were found in the
Greek study [26] (Table 1). At the same time, it
is important to note that there was a statistically
significant difference in our results only in com-
parison with the data obtained for patients with
familial adenomatous polyposis from the USA (p <
0.05), which is due to a very large sample of pa-
tients (1421) [25].

Interestingly, in comparison with our earlier
paper [27], the percentage of detection of large
rearrangements became higher (9.6 % vs. 4.8 %),
which may be due to both an increase number of
studied patients and their clinical and genetic fea-
tures, however, these results did not differ statis-
tically (p > 0.05).

The main characteristics of patients with large
rearrangements are shown in Table 2. The num-
ber of polyps in all patients was more than 100,
and the average age of onset of the disease was
32 years, which did not differ from the indicator
patients with point mutations in the APC gene.
At the same time, the size of the large deletion/
duplication also did not affect the severity of the
disease. Thus, patient A855 with deletion of only
one exon had the age of diagnosis of 24 years,
and patient A846 with deletion of three exons —
36 years. Thus, according to the clinical features
of all patients with large rearrangements, the man-
ifestation of the disease corresponded to the clas-
sical form of familial adenomatous polyposis and
did not differ from patients with point mutations.

Figure 1 schematically shows all the detected large
rearrangements in the APC gene. In total, seven large
deletions and one large duplication revealed. Among
the detected variants, the most often was deletion of
promoter B (del prB), detected in three patients.

MUTY H-associated polyposis

Among the included 18 patients with suspected
MUTY H—associated polyposis, no large deletions/
duplications revealed. Similar results were obtained
in most of the countries whose data we analyzed.
However, only in Brazil [20], a single large
rearrangement was detected (Table 1).

Recently, only nine large deletions/duplications
were described worldwide, which was only 4 % of
the whole spectrum of pathogenic variants detected
in the MUTYH gene [8].

Peutz—Jeghers syndrome

Of the 34 patients included, 27 (79 %) had point
mutations in the STK77 gene. Among the remaining
seven patients, four had large deletions of this gene.
Thus, the rate of large rearrangements in Russian
patients with Peutz—Jeghers syndrome was 12 %
(4/34), and the total rate of all pathogenic variants
in the STK11 gene was 91 %.

Analyzing data from other countries, the results
obtained in England (14 %) [29] and Netherlands
(13 %) [30] were the closest to ours. The highest
detection rate of large rearrangements, which
significantly differed from ours (p < 0.05), was
described in China (45 %) [31] (Table 3).

According to the clinical presentation, patients
with Peutz—Jeghers syndrome and large deletions/
duplications did not differ from patients with point
mutations. At the same time, the size of the deletion
itself also did not affect the severity of the disease
(Table 4).

Figure 2 shows the layout of large deletions/
duplications of the STK77 gene found in the patients
with Peutz—Jeghers syndrome. Four large deletions
were found. Of these, deletion of the first exon
occurred in two patients.

Conclusion

The study demonstrated the feasibility of including
the method of detecting large rearrangements in
routine DNA diagnostics of Russian patients with
familial adenomatous polyposis and Peutz—Jeghers
syndrome. Routine use of MLPA method makes it
possible to increase the total frequency of detection
of pathogenic variants in the APC and STK11 genes
above 90 %. At the same time, the need for searching
of large rearrangements in the MUTYH gene was
not justified.
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