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Aim. To evaluate the average age of familial adenomatous polyposis (FAP) onset in both males,
females and in their relatives, carriers or not carriers of the APC gene mutations, to estimate
the anticipation in successive generations for early identification of the individuals in the risk
group. Methods. The medical records, genealogical information were gathered and molecular
genetic study of blood was carried out in 25 probands with adenomatous polyposis. FAP was
confirmed in 44.0 % of probands. The probands with FAP had 36 affected relatives. The am-
plified fragments of the 4PC gene were screened for the mutations involving heteroduplex
analysis an d detection of single-stranded conformational polymorphism, heteroduplex analy-
sis, and also high resolution melting analysis. The age of FAP onset was evaluated in probands
and their relatives. The anticipation index (A) was calculated. Results. Among patients with
FAP 61.7 % were males and 38.3 % were females. The age of FAP onset in males was 36.0 + 1.4
years, while in females the disease manifested earlier — in 29.5 + 2.4 years (p<0.01). The APC
mutations, including four novel mutations, were found in 63.6 % of probands with FAP. The
lowest age of polyposis onset was observed in carriers of the 4PC mutation
¢.3927 3931delAAAGA p.Q1309fs. The average age difference between FAP onset in the
parents and their offspring was 12.0 £+ 1.7 years. In 3 of 4 families with FAP and novel muta-
tions of the APC gene predominance of males (12:4) and anticipation phenomenon were ob-
served.The strongest age correlations of FAP onset were found in mother-offspring pairs and
parents-son pairs. The statistically significant difference between the data confirmed more
similarities of descendant, especially sons, with parents. Conclusions. There was no statisti-
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cally significant difference between average age of the disease onset in patients carriers of the
APC mutations (33.1 £ 2.1 years) and in patients without the APC mutations studied by the
traditional methods (33.7 + 1.6 years). In offsprings with FAP the reduced age of disease
onset compared to the parents was revealed irrespective of the presense of the 4PC mutations.
The anticipation index in FAP was 18.0 %. Accounting anticipation allows estimating the ap-
proximate average age at FAP onset during genetic counseling, and therefore timely to carry

out targeted prevention.

Keywords: anticipation, 4PC mutations, age of FAP onset in males and females, familial

adenomatous polyposis.

Introduction

The most common adenomatous polyposis
disorders include familial adenomatous pol-
yposis (FAP), attenuated FAP (AFAP), and
other multiple colorectal adenomatous syn-
dromes — MUTYH-associated polyposis
(MAP), NTHLI-associated polyposis (NAP)
and polymerase proofreading-associated po-
lyposis (PPAP). Genetical and clinical mani-
festations of the polyposis syndromes vary,
and cases with clinical diagnosis of FAP
«might molecularly be presented by different
diagnosis» [1, 2]. A classic FAP (MIM No.
175000) is an autosomal dominantly inherited
disease characterized by the development of
hundreds to thousands of colorectal adenoma-
tous polyps after the first decade of life and
affects both genders. FAP is an orphan dis-
ease: estimates of the prevalence of syndrome
vary from 1:6,850 to 1:31,250 live births and
account for 0.2 %—1.0 % of all colorectal can-
cer (CRC) [3—4]. The risk of CRC is virtually
100 % by the 50 years for the classic form of
this syndrome. FAP is the second most com-
mon inherited CRC syndrome. Many FAP
patients show extracolonic tumors (hepato-
blastoma, cancer of thyroid glands and brain,
desmoid and pancreatic tumors), which can
contribute to morbidity and mortality [4-5].

The average age of onset for FAP is 35.9
(22-63) years [6]. Most classic FAP cases
arise as a consequence of a germline hetero-
zygous mutation in the adenomatous polypo-
sis coli gene (4PC), a tumor suppressor gene
located on chromosome 5 (5921). The coding
region is divided into 15 exons and encodes
a large protein (309 kilo-Daltons) [7]. The
APC gene plays several important roles in
cells, influencing cell adhesion, cytoskeleton
and cell cycle [8]. Since the first description
in 1986 by Herrera L. ef al., over 1000 muta-
tions have been found, which are inserted into
the international reference database. About
25 % of people with FAP do not have any
family history of the disease and harbour a de
novo mutation in the 4PC gene without any
clinical or genetic evidence of FAP in the
family [9, 10]. Conventional techniques leave
approximately 30 % of families with classical
FAP and approximately 90 % of AFAP fami-
lies APC mutation—negative [11]. There re-
mains a high proportion of 4PC mutation
negative patients even after extensive searches
for new causative genes. 25 % of APC muta-
tion negative samples were found to harbour
pathogenic mutations in MUTYH [12, 13].
Differential diagnoses include other disorders
causing multiple polyps (such as Peutz-
Jeghers syndrome, familial juvenile polyps or

103



M. R. Lozynska, Y. S. Lozynskyy, A. Plawski et al.

hyperplastic polyposis, hereditary mixed pol-
yposis syndromes).

In patients with FAP the first symptoms are
often manifested in puberty. These include
dyspepsia with frequent liquid defecation, ab-
dominal pain, anemia, metabolic disorders
leading to a delay in physical develop-
ment [14]. The earlier FAP is manifested, the
severer is its course, and the sooner decom-
pensation state follows [15]. The overall sex
ratio among affected individuals was
55 %:45 % (male:female) with similar ratios
in the APC positive and APC negative groups
(57 %:43 % and 51 %:49 %, respectively) [6].
However, a mutation of the APC gene is stable,
and the site of mutation determines the sever-
ity or associated features of FAP with strong
parent-child correlation [16].

In families with FAP a phenomenon of ge-
netic anticipation was observed, in which the
age of onset of a disorder reduced and/or the
severity of the phenotype increased in succes-
sive generation [17]. For along time, geneti-
cists were skeptical on the real existence of the
phenomenon. Clinical anticipation for dis-
eases onset has been reported since the 19th
century. Nowadays, this phenomenon has a
molecular genetic evidence. In 1991 the tri-
nucleotide expansion mechanism was first
identified in a group of inherited neuromuscu-
lar disorders [18]. This phenomenon is com-
monly encountered in human dominant type
hereditary disorders, such as Von Hippel-
Lindau [19] and Li-Fraumeni syndromes [20].
The evidence for genetic anticipation has been
described in some cancer genetic syndromes
like breast cancer [21], pancreatic cancer [22],
ovarian cancer [23], CRC [24], leukemia [25],
lymphoma [26], melanoma [27]. In 1994,
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Shibata et al. were the first to suggest that
younger onset of cancer observed in consecu-
tive generations of Lynch families could be
explained by the accumulation of mismatch
repair slippage events due to the diminished
DNA mismatch repair proficiency. A few years
later, the same group using a mathematical
model hypothesized that the number of muta-
tions accumulated in a tumor was dependent
on the mutation rate and the number of cell
division [28]. According to the modern con-
cepts, an increased risk of a variety of tumors
and genetic anticipation are associated with
the telomere length changes [29-30].

The aim of the study was to evaluate the
average age of FAP onset of males and females
and in their relatives, carriers or not carriers
of the APC gene mutations, in successive ge-
nerations to estimate the anticipation for early
identification of the individuals in the risk

group.
Methods

In the period from 2002 to 2015 year the me-
dical records and genealogical information
from 25 probands with adenomatous polypo-
sis were analyzed. FAP was confirmed in 10
(40.0 %) probands with adenomatous polypo-
sis and a family history of the disease or a
family history of the malignant tumors associ-
ated with the syndrome (CRC, gastric cancer
or pancreatic cancer). One proband (the APC
mutation carrier) from the FAP group had
neither clinical nor genetic evidence of FAP
in family members, so we assumed she carried
the de novo mutation of the 4APC gene. The
probands with FAP had 36 affected relatives.
The individuals with 100 or more adenoma-
tous polyps as well as those with fewer than
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100 adenomatous polyps and a family history
of FAP are clinically diagnosed as FAP ac-
cording to the diagnostic criteria. The genea-
logical information in 3—4 generations was
collected using a single registration of pro-
bands according to the appropriate ethical
requirements. The mode of inheritance of the
diseases was determined using the clinical,
genealogical, laboratory and literature
(OMIM) database. The age of FAP onset was
evaluated in the probands and in their rela-
tives. The patients were residents of five re-
gions of Ukraine: Lviv, Ivano-Frankivsk,
Ternopil, Volyn and Chernivtsi.

The molecular genetic study in 25 probands
with adenomatous polyposis and in 4 their
relatives was carried out. Genomic DNA was
isolated from peripheral blood using a salting-
out method [31]. Before blood sampling for
molecular genetic studies, the informed con-
sent to perform such analysis was obtained
from patients. The primers, described by
Prosser et al., were used including individual
exonic splicing sites.

DNA samples of all the patients tested for
the presence of small mutations using screen-
ing methods such as strand conformational
polymorphism methods (SSCP), heteroduplex
analysis (HD), and also high resolution melting
(HRM). Our study included patients whose
gene fragments (or entire genes) had under-
gone large rearrangements as well as those in
which small mutations had been detected.

We screened the APC gene fragments that
encompassed exons 5-8, exons 10-14, and
the fragment from A to L of exon 15 for mu-
tations with heteroduplex analysis (HD) and
single strand conformational polymorphism
methods (SSCP) [32]. Parameters influencing

SSCP analysis: DNA amplification, denatur-
ation, and the electrophoretic conditions.
Another important aspect of SSCP analysis is
the visualization of the single-stranded DNA
fragments. In brief, after electrophoresis, the
PAAG are first fixed with 10 % acetic acid for
approximately 30 min at room temperature
and subsequently washed with water. Depen-
ding on the concentration of silver nitrate,
incubation with the silver nitrate solution can
last for approximately 60 min (in a 0.001 %
AgNO3, 0.036 % formaldehyde solution).
This incubation step is performed in the dark,
while avoiding any contamination with pro-
tein-containing solution. Subsequently, the
PAAG are washed with water and color de-
velopment is performed by incubating the gel
for 5 to 10 min with a color development
solution (containing 2.5 % Na,CO3, 0.036 %
formaldehyde, and 0.002 % sodium thiosul-
fate). Color development can be stopped with
a solution containing a chelating agent (such
as 1.5 % EDTA). Gels can be subsequently
fixed with 30 % ethanol and 4 % glycerol. The
stained gels are transferred to a vacuum dryer
and are immobilized to a porous paper. Results
are can be analyzed by means of an image
analysis system.

All mutations were verified by the DNA
sequence determination from both the 5° and
3" directions. PCR was carried out in the same
way as for the SSCP/HD analyses using the
same PCR primers. The DNA fragments that
showed heteroduplex in HD analysis or ad-
ditional patterns in SSCP analysis were se-
quenced by direct PCR product sequencing
and analysed with ALF Express (Amersham
Pharmacia Biotech, Uppsala, Sweden) accor-
ding to the manufacturer’s specifications [33].
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C-HRM primers

We designed sets of primers for a simultane-
ous amplification of a reference fragment
(with an unchanged number of copies) and a
target fragment (with APC gene fragments as
its template). Designed primers for the APC
gene (fragments of exons 9, 14 and 15) in-
clude large rearrangements and also small
sequence changes detected in our group of
patients. Primers were designed using the
Primer3plus (www.bioinformatics.nl/primer-
3plus/) software. The melting temperature of
all primers was in the range of 58.0-62.3 °C
(Table 1).

Subsequently, the primer pairs were se-
lected for a multiplex reaction, with one of the
products including the target fragment of the
studied gene and the second one as a reference.
Amplicons were paired in respect of their mel-
ting temperature ranges (no overlaps between
the amplicons) and lack of non-specific inte-
ractions between primers that could impair the
amplification efficiency.

Assay design: the products were amplified
using the type-it HRM kit (Qiagen) on the
DNA templates at a concentration of 50 ng/ul
diluted in AE buffer (Qiagen). The analysis

Table 1. Sets of primers

was performed on a Rotor-Gene® Q equipment
(Qiagen). PCR reactions were carried out for
the 30 cycles (with a 5 min preincubation at
95 °C) of 95 °C for 10 s, 55 °C for 30 s and
72 °C for 10 s, the products were then melted
and PCR was continued to the 40th cycle in
the same conditions followed by another mel-
ting process. The first melting analysis was
performed from 70 °C to 90 °C by raising the
temperature by 0.3° at each step after which
the second one, designed to detect small
changes in the sequence, was carried out with
higher resolution raising the temperature by
0.1° at each step.

Anticipation index (A) was calculated using
the formula:

A=(P-D)/(P+D),

P — age of disease onset in one parent, D — age of disease
onset in offsprings [34].

Statistical analysis had been carried out us-
ing Shapiro-Wilk test for normality, Student’s
t Test and Spearman correlation.

Results and Discussion

The characteristics of probands and their rela-
tives with FAP by gender and age at polyposis
onset are shown in table 2.

< L -
%0 Final § =

Studied | = & F dori Tm | concen- R . Tm | § \2’
exon 5 & orward primer ©C) | tration everse primer C) % £

E (M) ER

~ ==

znfgﬁegn 249 GCCCACAGGTGGAAATGG  |62.3| 172 | GAATGATGTTGTGGAGTGCTG |59.2| 172
;ﬁ;ﬁrcii 239 | GAAGTTAATGAGAGACAAATTCCA |58.0| 172 | TCCGTAATATCCCACCTCCA |60.1] 172
;; gﬁﬁi 180 | TCTGCTGCCCATACACATTC |59.7| 688 | GGATTCAATCGAGGGTTTCA |59.9] 688
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Table 2. The characteristics of probands and their relatives with familial adenomatous polyposis by the

gender and the age of polyposis onset

Number of the relatives of ) ) )
Probands Gender of probands | Age (years) probands Ageofp 0;%’2 (r)z{)sa?lgze(t;:ai;: relatives
males females
1.A f 24 - - -
2.B f 28 1 0 46
3.C f 32 5 3 41, 32,42, 33, 32, 45%*, 40*, 19*
4.D f 26 2 0 28,43
5.E f 15 1 1 40,16*
6.F f 32 4 1 43, 33, 26, 32, 45*
7.G f 36 3 1 24,32,40,18%
8. H f 44 1 0 ?
9.1 f 29 3 2 32,35,30,31% 31*
10.J m 36 5 1 48,45, 32,41, 19, 20*
11. K m 48 2 0 40, (7)
Total 9 females/2 males 31.8 27 9 27 males / 9 females

Note. * — marked females, (?) — the age of polyposis onset is uknnown.

Among the patients with FAP 29 (61.7 %)
were males and 18 (38.3 %) were females,
whereas women dominated among probands
with polyposis (Table 2).

The age of patients ranged from 15 to
48 years. The age of FAP onset in males was
36.0 £ 1.4 years of age, whereas in females
disease manifested earlier —at 29.5 + 2.4 years
of age (t = 2.69, p<0.01). The average age of
FAP onset was 32 (15-48) years and was low-
er compared to the data given in the literature
36 (22—-63) years [6].

The APC mutations, including four novel
mutations, were found in 7 (63.6 %) probands
with FAP and 6 of them were females of
7 families with FAP (table 3). Other 4 (16.0 %)
probands with familial anamnesis of polyposis
and cancer had no mutations. Among mutation
carriers were 8 females and 3 males (probands

and their relatives). The lowest age of polypo-
sis onset was observed in carriers of the APC
mutation ¢.3927 3931delAAAGA p.Q1309fs.
The mutation leads to premature termination
of the APC gene protein product [35, 36]. This
deletion is one of the most frequent APC mu-
tations in Europe [14, 33]. In most cases the
mutation in codon 1309 leads to early onset of
the disease accompanied by hundreds of pol-
yps at a young age, early occurrence of CRC
and extracolonic manifestations [14].

There was no statistically significant diffe-
rence between average age of the disease onset
in patients carriers of the 4PC mutations
(33.1 +£ 2.1 years) and in patients without the
APC mutations identified by traditional me-
thods (33.7 £ 1.6 years). In 3 of 4 families with
FAP and novel mutations of the 4APC gene
(probands 4D, 6F, 10J, table 2, 2) predomi-
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Table 3. The APC mutations in families with familial adenomatous polyposis and the average age of the

syndrome onset within the families

'§ The evarage ase Number of pii:rr?tzetrhgge
f-; eligogz Mutations p;)tf;;[?sf)vgﬁlsl?ltl 1:}116 paﬁiepts with FAP id§ntiﬁeq .
& family (*) within the family mutations Wlthm
the family

A 15 ¢.3931 3946delATTGGAACTAGGTCG 24,0 1 1

B 5 c.532-1G>A ** 39,5 2 1

D 11-14 | deletion of exons 36,5+ 6,7 3 1

E 15 ¢.3927 3931delAAAGA p.Q1309fs 23,7+8,1 3 2

F 15 ¢.2021T>TAG 35,8+3,6 5 2

H 6 c.697C>T ** 44,0 2 1

J 15 ¢.3343delA p.R1114fs 34,0+4,7 7 3

Note. * — The average age of FAP onset in all affected individuals within the family; ** — splice site mutations. Cur-

sive marked mutations were not found in other ethnic groups.

nance of males with FAP (12:4) and anticipa-
tion phenomenon were observed. One proband
(1A) with the APC gene mutation had neither
clinical nor genetic evidence of FAP in family
members, so she was supposed to carry the de
novo mutation. The example of anticipation in
the family with the novel c.3343delA p.
R1114fs APC mutation is shown in Fig. 1
(patient 10J, table 2, 2). Six relatives of the

Mo XX

proband had FAP and 5 of them were males.
Both earlier FAP onsets, the increased sever-
ity in offsprings, and the predominance of
males among patients were observed in this
affected family.

The example of anticipation in the family
pedigree without the 4PC mutations confirmed
by traditional methods is shown in Fig. 2 (pa-
tient 3C, table 2).

L Dok £ 5 Dok

Ti%;fu
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Fig. 1. Pedigree of the proband and
his relatives with FAP carriers of
APC c.3343delA p.R1114fs muta-
tion.
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Eight relatives of the proband had FAP. It
is widely accepted that the methods used to
identify mutations fail to detect certain muta-
tions because of the factors such as polymor-
phisms in the sequences to which PCR primers
bind that leads to allele dropout, or due to
somatic mosaicism or because the mutations
occur in the regions not targeted by the cur-
rently used methods. Castellsagué et al. [37]
and Spier et al. [38] reported the occurrence
of imbalanced allele-specific expression of
APC in 8 %9 % of the APC mutation-nega-
tive polyposis cases, indicating that the under-
lying mutations were not detected by standard
mutation detection techniques. Some of these
cases carried pathogenic deep intronic variants
predicted to activate cryptic splice sites [38],
whereas others carried mutations in the pro-
moter region of APC [39].

In offsprings with FAP the reduced age of
disease onset compared to parents was re-
vealed irrespective of the presense of the APC
mutations. Analysis of the age of FAP onset in

2

X

33

]

Fig. 2. Pedigree of the proband and
her relatives with 4PC mutation-
negative case of polyposis

the probands and their affected relatives is
shown in Table 4.

In most couples “parents-offspring” with
FAP in offspring, the disease begins at an ear-
lier age comparing to the parents with statisti-
cally significant difference. The average dif-
ference of the age of FAP onset and index of
anticipation in the parents and their offspring
are shown in Table 5.

The average age difference between the
FAP onset in the parents and their offspring
was 12.0 £ 1.7 years. The number of father-
daughter pairs and father-son pairs was
greater than the number of mother-daughter
pairs and mother-son pairs. The anticipation
index (A) in FAP was 18.0%. This index
ranges from 12.0% in pairs father-son to
25.0 % — in pairs father-daughter in different
family couples.

The highest values of anticipation index (A)
in the FAP were in father-daughter pairs. The
anticipation phenomenon in FAP was shown
by any parent-child pairing methods for the
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Table 4. The average age of familial adenomatous polyposis onset in family couples

. The average age of FAP onset, x+s,
Family couples n B p

parents offsprings
Parents-offspring 20 40.8+1.6 28.8+1.9 <0.001
Parents-daughter 10 39.1£1.9 24.842.1 <0.001
Parents -son 10 42.4+2.4 32.8+£2.7 <0.01
Mother- daughter 2 32.54¢0.5 24.0+£5.0 <0.05
Mother -son 2 42.5+10.5 31.5¢4.5 <0.01
Father- daughter 8 40.8+£2.0 25.0£2.4 <0.001
Father-son 8 424423 33.1£3.3 <0.05
Mother-offspring 4 37.5£5.2 27.8+£3.5 >0.05
Father-offspring 16 41.6+1.5 29.1+2.2 <0.001

Note. n — the number of pairs of relatives, x+s, — the average age of FAP onset and its statistical error, p — statistical

significance.

deceased in literature data: in the patients over
5 years of age, the mean age at death was
50.9 years for the parent, 42.3 years for the

Table 5. The average difference of the age of
familial adenomatous polyposis onset and the
anticipation index in parents and their offspring

proband, and 33.3 years for the child genera-
tions, respectively, p<0.001 [17].

The correlation coefficients for the age of
FAP onset in parents and offspring are shown
in Table 6.

The strongest age correlations of FAP onset
were found in mother-offspring (mother-

The average difference Anticipation
Family couples of the aiigi‘rl:;AP onset index, (%)
n d+sd A=+sa

Parents-offspring 20 12.0£1.7 18.0£3.1
Parents- daughter 10 13.5£2.6 23.243.2
Parents -son 10 8.5+2.3 13.74£3.4
Father-daughter 15.843.2 25.0+0.1
Father-son 9.3£2.7 12.0+0.1
Father-offspring 16 12.5+¢2.0 18.0£3.6
Mother-daughter 2 8.5+4.5 16.0+9.5
Mother-son 2 11.0£6.0 14.04£5.5
Mother-offspring 4 9.8+4.0 15.0+4.5

Note. n — the number of pairs of relatives, d + sd — the
average age of FAP onset and its statistical error,
A =+ sa — the average age of anticipation and its sta-

tistical error.
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Table 6. The correlation coefficients between the
age values of familial adenomatous polyposis onset
in relatives of probands

Family couples n r t p
Mother-daughter | 2 1 - -
Mother-son 2 1 - -
Mother-offspring | 4 | 0.80+£0.42 | 1912 | <0.05
Father-daughter 8 | —0.01+41 | —0.036 | >0.05
Father-son 8 | 0.57£0.34 | 1.702 | <0.01
Father-offspring | 16 | 0.36£0.25 | 1.466 | <0.01
Parents-daughter | 10 | 0.04=0.35 | 0.113 >0.5
Parents -son 10 | 0.58+0.29 | 2.013 | <0.01
Parents-offspring | 20 | 0.44+£0.21 | 2.059 | <0.01

Note. n — number of pairs; r-correlation coefficients; t —
Student test; p — value level of significance.
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daughter and mother-son) pairs and parents-
son pairs. The statistically significant differ-
ence between the data confirmed more simi-
larities of descendant, especially sons, with
parents.

L.Roger et al. [40] suggest that the occur-
rence of the anticipation phenomenon is as-
sociated with the erosion of telomeres. The
erosion of telomeres, mainly because of cell
proliferation, may be accelerated by specific
alterations in the genes involved in CRC, such
as the APC gene [24]. Telomere/telomerase
interplay is an important mechanism involved
in both genomic stability and cellular replica-
tive potential, and its dysfunction plays a key
role in the oncogenetic process [30]. There is
general agreement that the shortening of telo-
meres plays a role in the early steps of CRC
carcinogenesis by promoting chromosomal
instability (CIN). The 4APC mutation and acti-
vation of the Wnt pathway in colonic epithe-
lial cells with long telomeres give rise to ade-
nomas with long telomeres; these telomeres
are stable and not prone to fusion [41].

The APC gene mutation in cells with short
telomeres gives rise to adenomas with short
telomeres that have a propensity to undergo
fusion; the resulting CIN leads to the large-
scale genomic rearrangements that can drive
the progression to malignancy. These data
therefore indicate that telomere erosion pre-
cedes the initiation of colorectal adenomage-
nesis, and this may provide a mechanism con-
tributing to the age-associated profile of
colorectal carcinomas [40]. In vitro, hormones
and growth factors affect telomerase activity.
The sex hormones directly increase the telo-
merase reverse transcriptase (TERT) transcrip-
tion and the telomerase activity in human cells

[42, 43]. Natural and synthetic androgens can
restore telomerase activity to normal levels in
the cells in patients with TERT and TERC
mutations can be directly activated by the tu-
mor-suppressor protein c-Myc [44]. The rate
of terminal restriction fragment length shorten-
ing per year in men was found to be signifi-
cantly greater than that in women [45]. An
estrogen-responsive element is present in
TERT, so the hormone can stimulate telome-
rase [46]. This might reduce the shortening of
a telomere.

Accounting anticipation has prognostic
value, since it allows estimating an approxi-
mate average age of FAP onset during the
genetic counseling providing timely targeted
prevention. Due to autosomal dominant in-
heritance and high penetrance of FAP, the
probands and their first degree relatives should
be screened regularly by geneticist and on-
cologist. The cancer prevention and maintain-
ing a good quality of life are the main goals
of management and regular and systematic
follow-up and supportive care should be of-
fered to all patients.
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Cimelinnii aleHOMATO3HMIi IMOJIiN03: 3B’ A30K MiK
BiKOM BUHUKHeHHs i MyTanismu rena APC nas
OIIHKH reHeTHYHOI aHTHIUNALII B NMALiCHTIB
3axigHuX o0sacrell YkpaiHu

M. P. Jlosunceka, FO. C. Jlosuncekuii, A. ITmaBcki,
P. O. Iisspxko, H. M. TIpokonuyk, O. M. ®enora

Meta. Busnauntu cepeiHiii BIK BAHUKHEHHS CIMEITHO-
ro ageHomaro3Horo nomninosy (CAII) y 4onoBikiB, xi-
HOK, 1X pomudiB, HOciiB myTatiii rera APC, abo x y
XBOpHUX 0€3 MiATBEpI)KEHUX MyTalliil IbOTO TeHa, JUIs
OI[IHKH aHTUIHNAII] Y HACTYITHUX ITOKOJIIHHSIX IS
PaHHBOTO BHABICHHS OCi0 rpynu pu3nky. MeToau.
[IpoBenu ananiz MeaAMYHOT JOKYMEHTAIli1, FeHeaJIoTi4-
HOI iH(opMarIii Ta BUKOHAIIA MOJICKYIIIPHO-TCHETHUIHE
JTOCITIIPKEHHS KPOBi B 25 MpoOaHIiB i3 a[cHOMAaTO3HUM
moino3oM. Y 44,0 % npobauaiB Oyio MiaATBEPIKEHO
CAIL Ilpo6arnn Manu 36 pOIUUIB i3 UM CHHIPOMOM.
AwmrutidikoBani pparmentu reHa APC Oynu CKpHHOBa-
HI Ha HAsIBHICTh MyTallil 3 BUKOPUCTAHHIM KOH(popMa-
nifHOTO MoiMopdizmy onnoruTkoBoi JJHK, rerepomy-
IUIEKCHOT'O aHaJjIi3y, a TAKOXK aHalli3y KPUBUX IUIaBIICH-
HS aMIUTIKOHIB 13 BUCOKOIO PO3ALIBHOIO 37aTHICTIO. Bik
MMOYaTKy 3aXBOPIOBAHHS BHU3HAYAJIHM B MPOOAaHAIB, 1X
poauuiB Ta paxyBaiid iHJAEKC aHTununamii (A).
PesyabsraTn. Cepen namienris i3 CAII 6ymno 61,7 %
qonoBikiB 1 38,3 % kiHok. BcTanosieHo, 110 Bik Ma-
HipecTamnii CHHAPOMY B 4YOJOBIKIB CTAaHOBUB
36,03 + 1,44 poxkiB, a B )KiHOK 3aXBOpPIOBaHHS BUHHUKA-
70 panime — y Bimi 29,5 + 2,43 pokiB (p<0,01). Myraii
reHa APC, Bkiroyarouu 4 HOBiI MyTallii, BUSBUIN B
63,6 % mnpobanais i3 CAIl. HaiimeHImuii Bik BUHHK-
HEHHS TIOJIINO3Y CIHOCTEpirajii B HOCIIB MyTarii
¢.3927 3931delAAAGA p.Q1309fs rera APC. Cepenns
pizuuus y Bini nodarky CAIl y 6arbkiB i ix motomcTBa
cranoBmia 12,0 = 1,7 pokie. VY 3 i3 4 cimeii i3 CAIl,
YICHHU AKUX Oy HOCiSIMH HOBHX MYTaIllil, criocTepi-
rajy nepeBakaHHs 4osioBivoi crari (12:4) i siBuie
AHTUIUTIAIIT, 2 OMUH MPoOaH T OyB HOCIEM MyTallii, siKa
BUHHKJIA de novo. HaliciapHINTYy KOPEIALIIo 3a BIKOM
BunukHeHHs1 CAIl Oynu 3HalieH] B mapax mamepi-Ha-
waoku i bamoxu-cuny. CTaTUCTHIHO 3HAYYIIA PI3HALIS
MIK OTPUMaHUMHM JaHUMH TiATBEPKY€E OUTBITY MOTi-
OHICTHh HAaIllaJKiB, OCOOJHMBO CHHIB, 3 OaTbKaMH.
BucnoBku. Mix BikoMm BuHukHeHHS CAIl y marieHTis,
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HociiB myranii rena APC (33.1£2.1 pokiB) i BikOM
XBOPHX, Y AKX HE IMiITBEPIKCHO MYTaIliil IIbOT0 reHa
3a JIOTIOMOTOI0 TpaAuIiiHuX MeToniB (33.7+1.6 pokiB),
He OyJIO BUSBJIICHO CTATUCTHYHO ICTOTHOI PI3HMIII.
Innexc antunumanii (A) y mamienTis i3 CAII gopiBHro-
BaB 18,0 %. Y mamankiB i3 CAIl 3MeHIICHHS BiKYy
BUHHUKHCHHS 3aXBOPIOBAHHS MMOPIBHSAHO 3 0aThbKaMH HE
3aJie’kano BiJl HasBHOCTI myTarliii reHa APC. OO0k
AHTHUIIUIIALIT TO3BOJISIE OI[IHUTH CEePEAHIN BiK IOYATKy
CAII mijt yac TEHETHYHOTO KOHCYJIBTYBaHHS, 1, OTXKE,
CBOEYACHO 3JIIHCHIOBATH IJILOBY MPODIIAaKTHKY.

Kawuori cJuoBa: agruiumnaitisi, mytariii reaa 4PC,
BiKk moyaTKy BHHUKHEHHsSI CAIl y 90OBIKIB 1 JKIHOK, Ci-
MEWHWNA aleHOMAaTO3HUI MOJIII03.

CeMelHBINH aeHOMATO3HbIN MOJHUII03: CBSA3b
MesK1y BO3PACTOM BOZHUKHOBEHHS M CIIEKTPOM
myTauuii reia APC 1Jis OLeHKU reHeTHYeCKOoM
AHTHUMIAIUY Y NAMEHTOB 3alaJHbIX 00JacTeil
Yxpaunbi

M. P. Jlozunckas, YO. C. Jlosunckuii, A. ITmaBcku,
P. A. IMunsxko, H. M. Tlpoxonuyk, O. M. ®enora

Iean. OnpenenuTs cpeaHUit BO3pACT Hadana CEMEHHOro
asieHomaro3Horo nonunosza (CAIT) y MyX4nH, >KeHIIMH,
a TaKoke y POICTBEHHUKOB MPOOAHIOB HOCUTENEH MyTaIuid
reHa APC, nnu ke y OOJTBHBIX 0e3 IMOATBEPKIACHHBIX
MyTalU 3TOTO Te€Ha, B MOCIEAYIOIINX MOKOIEHUSIX AT
OLICHKH SIBJICHUSI aHTULIMIIALINN U JUT PAHHETO BBISBICHHS
qun rpynn pucka. Meroasl. [IpoBenu aHains MeaIuuuH-
CKOM JTOKyMEHTAIlNH, TeHEAJIOrnIeCKOil MH(pOpMaUu U
BBITIOJTHAIA MOJIEKYJIIPHO-TEHETHUECKOE UCCIIEIOBAaHUE
KpPOBH B 25 MAallMEHTOB C aJCHOMATO3HBIM ITOJIUIIO30M.
B 44,0 % mpo6aHI0B ¢ MOIUTIO30M OBLIO TOATBEPIKICHO
CAIL. ITpo6aner mMenu 36 pOACTBEHHUKOB C 3THM CHH-
JIpoMoM. AMmiumMduimpoBaHHbie (pparmMeHTsl TeHa APC
ObUTM CKPMHUPOBAHBI Ha HAJIMUME MYyTallli C UCIIOJIB30-
BaHMEM KOH()OPMAIIIOHHOTO TOIMMOP(H3Ma OHOHUTE-
ol JIHK, rerepoayruiekcHOro aHanmnsa, a TakyKe aHaIu3a
KPHBBIX IIABJICHUS aMIIMKOHOB C BBICOKOH pa3ienbHOM
cnocoOHOCTRIO. Bo3pact Hadara 3a00eBaHms OnIpees-
T y IPOOAHIIOB, MX POJICTBEHHUKOB M BHIYHCIISUTN HHICKC
anTununayu (A). Pesyabrarsl. Cpenu nmalMeHTOB U3
CAITI 65110 61,7 % My>xunt u 38,3 % yKeHIMH. YCHOBJIEHO,
YTO BO3pacT Havajla CHHAPOMA B MY>KUMH COCTaBIISUI



FAP: age of onset and association with mutations of the APC gene for assessment of the genetic anticipation

36,03 £ 1,44 ner, a y >KeHIIWH 3a00JI€BaHUs BO3HHUKAJIO
panbIie — B Bo3pacte 29,5 + 2,43 net (p<0,01). MyTarmu
reHa APC, Bkirodas 4 HOBbIE MyTaIlUH, OOHAPYKHIH B
63,6 % mtpodanoB u3 CAIl. HaumeHbImii Bo3pact Bo3-
HUKHOBEHUSI TIOJINII03a HAOIIONAIN y HOCUTENEH My Talluy
¢.3927 3931delAAAGA p.Q1309fs rena APC. Cpennsist
pasumma B Bozpacte Hadana CAIl y pogurerneii 1 ux mo-
TomcTBa cocrapmwia 12,0 = 1,7 ner. V 3 u3 4 cemeit u3
CAII, uneHbl KOTOPBIX OBUTH HOCHTENISIMHA HOBBIX MyTa-
1uif, HaOmoanmy npeooiaganue Myskckoro nona (12:4) u
SIBIICHUE aHTHUIUIAIINH, & OJWH TPOoOaH] ObLT HOCHUTEIEM
MYyTAaIllH, KOTOpasi BO3HUKIA de novo. CaMyro CHIIbHYIO
KOppemsiuio no Bo3pacty Bo3HUKHOBeHHsT CAIl Obuto
Hal/ICHO B Mapax Mamepu-nomomKy i poOUmenu-CblHo8bs1.
CraTuCcTHYECKH 3HAYUMAsT pasHuia MEXIy MOJTyYCHHBIMU
JTaHHBIMH TTOATBEPXKIaeT OOJIbIIEe CXOACTBO OTOMKOB,
0COOCHHO CBIHOBECH, ¢ poauresiMi. BeiBogbl. Mex iy
Bo3pacToM Bo3HHKHOBeHNUST CAIl y marmeHToB, HocuTeneit

myrarmit rena APC (33.1 + 2.1 rona), 1 BO3pacToM 00JIb-
HBIX, Y KOTOPBIX HE TMOATBEPIPKEHO MYyTalMii STOTO reHa
C TIOMOIIBI0 TPAJAUITMOHHBIX MeTonoB (33.7 + 1.6 Toma),
He OBbUIO BBISIBJIEHO CTAaTHCTHYECKH 3HAUMMOM pa3HHULIBI.
Wunexc anturimnammu y nanueHToB n3 CAIl paBHsuics
18,0 %. ¥ moromkoB n3 CAIl ymeHblIeHHE BO3pacTa
BO3HUKHOBEHHSI 3a00JIEBaHMsI [10 CPABHEHHIO C POANTEIISI-
MH HE 3aBHCENI0 OT Hamuuus MyTamuii reHa APC. Yuer
AQHTUIMIIAINY TI03BOJISIET OLICHNUTh CPEIHUI BO3pacT Ha-
gayia CAIl mpu reHeTHYecKoM KOHCYJIBTHUPOBAHUH, U,
CJIEIOBATENIEHO, CBOEBPEMEHHO OCYIECTBIIATh LENCBYIO
IPOQHIAKTHKY.

KamwdyeBblie ¢J10Ba: aHTUIUNALNS, MyTallid TCHA
APC, Bo3pact Hauana CAIl y My>K4rH U KEHIIMH, CeMeii-
HBIN aJICHOMATO3HBIN ITOJIUITO3.
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