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Early diagnosis of colorectal cancer (CRC) is a very urgent problem, since this disease has second place among women and the
third one among men in the structure of cancer pathology. According to recent data, CRC should be considered as a heterogeneous
multifactorial family of diseases with different variants.

Serrated polyps of the colon are obligate precancerous condition, which can transform into cancer due to genetic aberrations. Serrated
polyps are a heterogeneous group of formations with different ways of appearance and potential malignancy. They are divided into
major subtypes: hyperplastic polyps, sessile serrated adenoma/polyp and traditional serrated adenoma.

The purpose of the study was the analysis of current data about mechanisms of formation and malignization of serrated colonic polyps.

The relationship between the localization of serrated polyps and their morphology was identified. Polyps located in the proximal
colon are characterized by a more expressed degree of serration in the basal segment of crypts compared with polyps located in the
distal part of the colon. The difference between the proximal and distal localization was confirmed by molecular genetic testing: the
majority of proximal serrated polyps develops after BRAF mutations, and the majority of polyps with distal localization develops after
a KRAS mutation.

It is known that a key role in the excessive proliferation and inhibition of apoptosis in the process of malignant transformation of
serrated polyps is provided by the combination of different types of genome damage, both genetic and epigenetic. Molecular changes
are already present in the early stages of cell dysplasia in serrated colon polyps, and their nature determines the malignant potential.

Conclusions. A thorough study of the molecular mechanisms of progression along the serrated pathway and transformation of serrated
polyps in the CRC opens up prospects for the development of guidelines for patient management in order to prevent the development
of serrated pathway cancers.

3y0uacTi moJiinm ik NpeKypcop po3BUTKY PAKy TOBCTOI KMIIKH: Cy4acHHIl morisax i nepcnekrusu. MiHi-oruisig
1. O. Ky3vo

CBo€uacHa JiarHOCTHKA PAHHBOTO PaKy TOBCTOT KUIIKH € BKpall aKTyaJbHHM ITHUTAHHSIM Cy4acHOCTi, OCKUJIBKH LI 3aXBOPIOBaHHS
Tocifiae Apyre Micie ceper *KiHOK 1 TpPeTe cepell YOJIOBIKIB y CTPYKTYpi OHKOJIOTIYHOI marosorii. 3TifHO 3 pe3ynbraTaMH OCTaHHIX
JOCTIKEHb, paK TOBCTOT KHIIKH CIIi/I PO3IVISIATH K T€TEPOreHHY, MyJIbTH(PAKTOP-3yMOBIICHY IPYITy 3aXBOPIOBAHb 13 PI3HUMH BapiaH-
TaMH nepeoiry.

3y04acTi MoJinu TOBCTOT KUIIKU € OOJIraTHUM MEpeIpakoBHM CTAHOM. Y 3B’SI3KY 3 IIUM Yy CBiTi aKTHBHO BHBYAIOTHCS MOJIEKYIIAP-
HO-TEHETUYHI Ta IMyHOMOP(OJIOTIYHI aCMEKTH TXHBOTO 3JI0KICHOTO MOTeHIiany. CbOTOIHI JOCTITHIUKH BU3HAIOTh: 3y0UacTi Moinu
TOBCTOI KHIIKH MOXYTb MaJirHi3yBaTHCs IUISIXOM IIOCIIIIOBHOI TpaHc(opMartii, o 3yMOBIeHa TCHETHYHIMH abepamisMH.

MeTta po6oTH — aHAIII3 CyYacHHUX JaHHX II0A0 MEXaHi3MiB popMyBaHHS Ta MaJIirHi3amii 3y0uyacTHX MOJIIIB TOBCTOT KHIIKH.

3y0uacTi MOJITH € TETEPOTSHHOIO TPYIIOK YTBOPEHb, 110 MAKOTh Pi3HI MUIIXU PO3BUTKY Ta 3MOSKICHUH MOTEHITIa. 3TiHO 3 0CTAHHBOIO
knacugikamiero BOO3, ix noaiisiFoTh Ha OCHOBHI MiATUIN: TIMEPIUIACTUYHUI TIOJII, CHJsYa 3y0yacTa aJeHOMa/TIONII 1 TpaauiitHa
3y0Ouacrta aJleHOMa, X04a HaTernep TPUBAIOTh AUCKYCIT IO/10 iXHiX JIarHOCTUYHUX KPHUTEPIiB 1 3MOAKICHOTO MOTEHIIiaTy KOKHOTO 3 IIUX
I ITUITIB.

BusiBneHuii 38’5130k MiX JIoKaizaliero 3yduactoro mosmina ta #oro mopdornorieto. I'inmepruiacTHyHi MOMIMH, 10 PO3TALIOBAHI Y
MIPOKCHMAIIBHIN TOBCTIH KHIII, XapaKTepPU3YIOThCs OUIBII BUPAKEHUM CTYNEHEM 3y04acTocTi B 0a3ajJbHOMY CEIMEHTI KPHIT, HiXK
MIOJIIIH, KOTPi PO3TANIOBaHI B TUCTAJIbHUX BiAiNaxX. Pi3HUIM MK MPOKCHMAIBHOIO Ta JUCTATBHOIO JIOKAII3AII€I0 TaKOXK JOBEICHA
3a JIOTIOMOTOI0 MOJICKYJISIPHO-TEHETUYHOTO JOCTIHKEHHS: OLIBIIICTh MPOKCHMAIBHUX 3yOuacTuX MOMimiB 3’ ABisAtoThes miciast BRAF
MyTallii, a OUTBIIICTh MOMIMIB AUCTAIBHOI JIOKaMi3alii po3BuBatThes micast myTaiiii KRAS. Bigomo, 1110 npoBifHa poib y 3amycKy
HaJUTUIIKOBOI Ipoidepariii Ta TPUTrHOOIESHHS alloNTO3y Yy MPOLECi 3I0SKICHOTO MepepoDKEHHS 3y0UacTUX IMOMIMIB 3a0e31edyeThCs
KOMOIHAIII€0 PI3HUX THIIIB MOIIKO/KEHHS TEHOMY K YHACIIIOK NOPYIICHHS TPAHCKPUMIIIT TeHIB, TaK 1 eMIreHeTHYHNUX alIbTepPariil.
MonexynsipHi 3MiHN HasiBHI BXk€ Ha paHHii cTa/lil KIITHHHOT AncIuIasii B 3yO4acTHX MOJTinax TOBCTOI KHIIKH, a TX XapakTep 3yMOBIIOE
TXHIN 3JI0AKICHUI TTOTEHIIAT.

BucHoBKkH. [IeTanbHe BUBUSHHS «3y04acToOro NUISIXy» 3J10sKICHOI TpaHC(OpMallii MOJIiMiB TOBCTOT KHUIIKH B pak 3a0e3redye MaiOyTHi
NIePCIEKTHBY 00 PO3POOKHU CTAaHAAPTIB i3 IIarHOCTUKY PAHHBOTO paKy TOBCTOI KHIIIKY Ta OLIHIOBAHHS HOTO IHBa3UBHUX BIACTUBOCTCH.

Knrouosi cnosa: noninu moscmoi Kuwiku, paxk mogcmoi KUK, 2icmonozis, Mymayis, a0eHoOKapyuHomd.
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3y0uaTpie MOJMIbI KAK MPEKYPCOP PA3BUTHS PAKA TOJICTOH KHUIIKH: COBPEeMEHHBIH B3IVIAI U MePCHeKTHBBI.
Munu-0030p
U. A. Ky3vo

CBoeBpeMeHHas TUarHOCTHKA PAHHETO PaKa TOJICTON KHIIKH SBISIETCA KpaifHe akTyaabHOU MpoOneMoi, Tak Kak JaHHOE 3a00neBa-
HYE 3aHUMAET BTOPOE MECTO CPeIH JKEHILUH 1 TPEThe CPEU MY>KUUH B CTPYKTYpe OHKOJIOrHuecKoi narosnoruu. ConiacHO NOCICIHUM
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JaHHBIM, paK TOJICTOM KUIITKA CJIEAYET pacCMaTpuBaTh B Ka4E€CTBE I'C€TCPOr€HHOIO, MyJ'II)TI/I(I)aKTOp-OHOCpeﬂOBaHHOFO ceMeicTBa 3a00-
JICBAaHHUH C Pa3sIMYHBIMU BapuaHTaMH1 TCUYCHUS.

3y0uarhle MOJHITBI TOJICTOW KHIIKHU SBIISIOTCS OOJIMTaTHBIM MTPEIPAaKOBBIM COCTOSHUEM. B CBSI3M ¢ 9THM B MUpE aKTHBHO U3Y4arOTCs
MOJIEKYIISIPHO-TEHETHIECKHE U IMMYHOMOP(]OJIOTHUeCKHe aCIEeKTHI HX 3JI0Ka9eCTBEHHOTO MOTeHIMaNa. B HacTosmee BpeMst OOIbIINH-
CTBO HCCIIEIOBaTelNel IPU3HAIOT, YTO 3y0UaThie MOJIUIIBI TOJICTON KUIIKHU MyTEM MOCIIeI0BaTeIbHON TpaHchopMaluy, 00yCIOBICHHON
reHeTHYEeCKUMH abeppanusiMi, MOTYT TpaHC(OPMUPOBATELCS B paK.

Llesas padoTbl — IPOBEACHUE aHAIN3A COBPEMEHHBIX JaHHBIX O MeXaHH3MaX (JOPMHUPOBAHUS U MAJTUTHU3ALUH 3yOUaThIX TOIUIIOB
TOJICTOM KHILIKH.

3yOuarsle MOIUIEI MPEACTaBISIIOT CO00I IreTepOreHHyI0 IPYIITy 00pa30BaHUH, OTINYHBIX APYT OT APYyTra, NUMEIONINX Pa3THIHBIC
IIyTH BO3HUKHOBEHUS M NOTEHIMAI 03J0KauecTsiIenns. CornacHo nocienHeit kiaccudukanun BO3, nx pasnessor Ha OCHOBHBIE MO/
THITBL: TUTIEPIUIACTHYECKUI MOJINI, CHsTYas 3y0darasi aJleHoOMa/ IO ¥ TPAANIMOHHAs 3yOuarast aleHOMa, XOTsI B HACTOSIIIEe BpeMst
TIPOIOKAETCS IUCKYCCHSI OTHOCHTEIBHO JHATHOCTHIECKIX KPUTEPHEB H 3I0KaIeCTBEHHOTO ITOTEHIINATIA KaXK0TO U3 STUX MOITHIIOB.

Bblna BhIsSIBIICHA CBSA3b MEXK/TY JIOKATHM3AIHel 3y0uaToro mosumna u ero Mopdosnorueii. ['unepriacTHuecKue MOJHITbI, PACTIONIOKECHHBIC
B MPOKCHMAJIEHOU TOJICTOH KHIIIKE, XapaKTepU3yIOTCs 0oliee BEIPAKCHHOM CTETIEHBIO 3y04aTOCTH B 0a3aIbHOM CETMEHTE KPHIIT, YeM
TIOJIMIIBI, PACTIONIOKECHHBIC B JUCTANBHBIX OTAeIaX. Pasmiune Mexay MpOKCHMAaIbHOM U JUCTANbHON JTOKaIU3aUel TakKe OATBEPK-
JICHO C MTOMOIIBIO MOJICKYJISIPHO-TEHETHUECKOTO UCCIISIOBAHMUS: OONBININHCTBO MPOKCUMAITLHBIX 3y0UaThIX MOJUITOB PA3BUBACTCS MOCIIE
BRAF myranmu, a 60JIbIIMHCTBO MOJIHITOB JHCTAIFHON JIOKaTH3aluy pa3BuBaeTcs mocie myraun KRAS. H3BecTHO, 4TO KITFOYeBast
POIb B 3ammycKe H30BITOUHON MpoIudepanuy ¥ yTHETCHHUS alloNTo3a B IPOLIECCE 37I0KaYeCTBCHHOTO MEPEPOKACHHS 3y0UaThIX MOIUIIOB
oOecrieunBacTCss KOMOUHAIIUCH PA3THYHBIX THIIOB MOBPEKICHUS TEHOMAa KaK BCICICTBHC HAPYIICHHS TPAHCKPUIIIMK TCHOB, TaK U
SMHUTCHETHYECKHX albTepannii. MoneKkynspHble N3MEHEHUs PUCYTCTBYIOT yKe Ha paHHE! CTaJNU KICTOYHOH AUCIUIA3UH B 3y04aThIX
MOJIMIAX TOJICTOM KUIIKH, a UX XapaKTep MPeaonpeieiseT X 3710Kad4eCTBEHHbIH MOTSHIHA.

BriBOaBI. I[eTaJ'H)HOC HU3y4ucHUEe «3y6anoro myTH» 3JI0Ka4€CTBEHHON TpaHC(i)OpMaHI/IPI ITOJIUTIOB TOJICTOM KHIIIKH B PpaK OTKPbIBACT

TIEPCTICKTUBHI 1O Pa3paboTKe CTAaHJAPTOB 110 JUATHOCTHKE PAaHHETO paKa TOJICTOH KUIIKHU U OIIEHKE €r0 MHBA3HUBHBIX CBOMCTB.

Knrwouesvle cnosa: nonunst moicmoti Kuwiku, pak moncmott KUwKu, cucmosiocus, mymayus, (laeHOKaplﬂlHOM(l.

Ilamonozusn. — 2016. — Ne 2 (37). — C. 92-97

Background
Colorectal cancer (CRC) takes the 3™ place in men and
the 2™ place in women among all oncological diseases
[1]. Given the extreme seriousness of this problem, the study
of the features of the pathogenesis of this disease is gaining
momentum. It was believed that CRC occurs from precursor
benign polyp which makes possible the timely action to
prevent it, but due to the new data received views on the
origins of colorectal cancer have significantly changed [2].

First of all, the traditional postulate that «colon cancer
develops from adenomatous polyp» through the traditional
sequence of mutations has undergone the revision, as it has
not been able to fully explain a significant proportion of
cases of the colon cancer [3-5].

Special importance is given to the study of the genetic
factors predisposition to the development of CRC. It became
known that colon cancer can be the product of a mutation
of several genes, each having sensitivity to environmental
factors, such as smoking, physical inactivity, overweight
and obesity, consumption of red meat and excessive alcohol
consumption [6]. We know that with an increase in the life
expectancy the risk of developing of CRC also increases,
which is associated with an increased risk of CIMP-high
BRAF-mutated CRC [7]. Recent data suggest that the
probability of CRC is higher in family members of patients
with BRAF-mutated CRC, than in patients without a family
history [8].

The purpose of the study was the analysis of current
data about mechanisms of formation and malignization of
serrated colonic polyps.

Previously CRC was considered as a single disease, but
recent data suggest that CRC is a heterogeneous set of diseas-
es which are the product of various combinations of genetic

events and epigenetic alterations [9]. WHO Classification of
Tumours of the Digestive System lists the following condi-
tions as precursor lesions of colorectal cancer: adenomas,
serrated lesions, chronic inflammatory bowel disease, and
hamartomatous polyps such as juvenile and Peutz-Jeghers
polyps [10].

Lately the special attention is paid to the so-called serrated
pathway of the pathogenesis of CRC, in which the key role
is played by serrated colon polyps, as they are precursors of
about 30 % of CRC [4], from 15 to 20 % of all carcinomas
in the right parts of the colon arise from serrated formations
and in the distal part their proportion is much smaller, [11],
and serrated cancer of the proximal colon is associated with
a better prognosis than cancers of the distal colon [12,13].

In the past, all serrated lesions were regarded as hyper-
plastic polyp (HP). It was taken that they do not have a
malignant potential, unlike the conventional adenoma, cur-
rently, however, a subgroup of these formations represents
an alternative way of colorectal carcinogenesis [ 14]. During
the studying of their molecular biology the heterogeneous
group of polyps with saw-tooth crypts was considered as
serrated polyps [15]. According to WHO serrated polyps
are classified as hyperplastic polyps, sessile adenoma/polyps
without or with cytological dysplasia, and traditional serrated
adenomas [10].

Classification of serrated polyps

Over the past 30 years, our understanding of the nature
of serrated colon formations dramatically changed due to
colonoscopy [14]. In 1990 Longacre et al. prosed new term
“serrated adenoma”, which described adenomatous polyps
with serrated crypts, is now referred to as TSA[16]. In 1996,
Torlakovic and Snover coined the term “SSA/P” which is
a pathological condition characterized by the location of
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polyps in the proximal colon with large dimensions and
severe atypia of the nuclei [17]. In 2005 Snover and his
colleagues formally recognized SSA/P and TSA as separate
pathological conditions [18]. Currently, serrated polyps are
considered to be formation, with ‘saw-tooth” appearance of
the colonic crypts [10]. This is probably due to the weak-
ening of apoptosis and consequent aging of epithelial cells
along the crypt [20].

It was noted that the spread of serrated polyps in the
general population ranged from 13 to 40 %, according to
the autopsy data [19] According to the prospective popula-
tion-based study, it was noted that in 21 % of subjects during
the colonoscopy sole hyperplastic polyp was found [2].

Serrated polyps are a heterogeneous group of formations,
which are different from each other macroscopically and
histologically and have different ways of appearance and
malignancy potential. According to the latest WHO classifica-
tion, they are divided into major subtypes, which are defined
as hyperplastic polyp (HP), sessile serrated adenoma/polyp
(SSA/P) and traditional serrated adenoma (TSA), although
currently there is an ongoing debate regarding the diagnostic
criteria and the malignant potential of these polyps [10]. The
method for differentiating of subgroups of serrated polyps is
based on differences in the spread of proliferation zones [21].

The relationship between the localization of the serrated
polyp and its morphology was identified. Hyperplastic
polyps located in the proximal colon are characterized by
a pronounced degree of serration in the basal segment of
crypts than polyps located in the distal part [22]. The dif-
ference between the proximal and distal localization is also
confirmed with genomic profiles: the majority of proximal
serrated polyps developed after BRAF mutations, they are
CIN-negative with high levels of MSI and CIMP. The ma-
jority of distal tumours develop after a KRAS mutation, they
are CIN-positive with low levels of MSI and CIMP [23].

Hyperplastic polyps (HP)

Hyperplastic polyps are common, they make up 70-95 %
of all serrated lesions or 25-30 % of resected large intestinal
polyps [24]. They often occur in the left colon, particularly
in the sigmoid colon and rectum, as diminutive, pale sessile
lesions [25]. A precursor (predecessor) of both hyperplastic
polyps (HP) and serrated neoplasia is metaplastic and ser-
rated subtype of aberrant crypt foci (ACF).

Serrated polyps are associated with enhanced maturation
of epithelial cells with their progression towards the surface
and inhibition of apoptosis due to decreased expression of
Fas receptor (CD 95) which is a transmembrane receptor of
tumor necrosis factor (TNF) [26].

HP is characterized by straight crypts with a slight ex-
tension in their upper third without significant distortion of
their shape and tend to have small sizes (<5 mm). Zones of
enhanced proliferation are observed at the base of the crypts,
and the cells mature toward the outer surface, as it used to
be in normal glands [21,27]. HP is the most common type
of gear polyps, their incidence is 80 % to 95 % of all gear
polyps and 29 % to 40 % of all polyps. They are located in
the distal part of the colon in 70 % of cases [27]. Currently,

HP are histologically divided into microvesicular (MVHP),
goblet cell-rich (GCHP) and mucin-poor (MPHP) HP ac-
cording to WHO classification [10].

MVHP are characterized by the presence of single small
mucin droplets in the cytoplasm and the serrated structure
of the glands in the upper part of the crypts [28]. MVHP
develop mainly in distal colon (74 %), while 26 % of them
are in the proximal part [29]. Of note that MVHP in proximal
colon are characterized by the presence of BRAF mutations
(70 %) and their structure resembles histological SSA/P [30].
This mutation inhibits apoptosis as the colonocytes reach the
epithelial surface, BRAF or KRAS is frequently mutated,
and these mutations are most probably the initiating event in
the majority of lesions [31] resulting in epithelial crowding,
which is thought to be responsible for the serrated morpho-
logy. [21,24] Based on these data, MVHP are now considered
to be precursors of the development of SSA/P [31].

In contrast, the GCHP consisted mainly of goblet cells
congested with mucous and exhibit less marked serration
of glands. They occur mainly in distal colon (>90 %) and
typically have small size (<5 mm), are characterized by
the presence of KRAS mutations (50 %) [14]. MPHP are
characterized by the absence of mucus in the cytoplasm and
it is very rare type of colon polyps which at the moment is
poorly studied [24].

Sessile serrated adenoma/polyp (SSA/P)

SSA/P are less common than HP and their incidence is 15
to 25 % of all serrated polyps and 1,7 to 9 % of all colon po-
lyps [32]. They develop mainly in the proximal colon (75 %)
and their size is greater than HP (50 %> 5 mm, 15-20 %>
10 mm). SSA/P are difficult to detect by colonoscopy due
to their flat shape, as compared with TSA which project into
the lumen and have a bright red surface [32].

Previously it was difficult to differentiate SSA/P from HP
due to the lack of clear diagnostic criteria. Histologically
SSA/P resemble HP with prolonged increase of proliferation
and serrated changes which propagate to the basal segment
of the crypts [30]. SSA/P are characterized by dilatation of
crypts and their branching horizontal growth with distorted
crypt architecture, commonly with dilated, mucus-filled,
L-shaped and T-shaped crypts with mature cells [33], the
proliferation area asymmetrically distributed on the middle
1/3 of crypts with the epithelium/stroma ratio often exceed-
ed 50 %. Also the excessive secretion of mucus is usually
observed, and this leads to the fact that formation has a
distinctive “cap” of mucus. Nuclei are slightly increased,
with clear nucleoli [21,33]. In addition, the morphological
phenomenon of “pseudoinvasion” was noted, which is a
protrusion of the crypts through muscle plate of mucosa [14].

It has been suggested that the SSA/P can develop from
MVHP due to the apparent histological similarities and
common association with BRAF mutation. However, the
controversial evidence suggests that the main localization
of SSA/P development is proximal colon, unlike MVHP
which have a distal localization [24]. Recently Gonzalo with
colleagues found that annexin A10 can serve as a marker for
distinguishing of SSA/P from MVHP [34].
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Recently SSA/P were subdivided into time SSA/P without
dysplasia and SSA/P with signs of cell dysplasia [34]. Also
it was noted that in addition to conventional adenoma-like
dysplasia the large cells with eosinophilic cytoplasm and
elongated nuclei were observed in the dysplastic glands. This
was considered as “serrated-type dysplasia” [14]. Molecular
genetic studies have shown that they are characterized by
BRAF mutation. Previously such conditions were called
as ‘mixed polyp’, but according to the WHO these states
should be referred to the SSA/P with cytological dysplasia.
Obviously, SSA/P and TSA related to a high risk of CRC
development. SSA/P in the proximal colon may progress
to CRC due to a mutation BRAF gene with or without the
phenomenon of microsatellite instability (MSI) [35].

Traditional serrated adenoma (TSA)

TSA is the least common form of serrated polyps, which is
about 1 % of the polyps and develops mainly in the rectum
and sigmoid colon. Polypoid TSA are detected more fre-
quently in men and they are less likely to progress to CRC
as compared with women [36].

Histologically TSA is characterized by the villiform struc-
ture with the prevalence of cells with elongated nuclei and
eosinophilic cytoplasm, nuclear stratification in 2-3 lines
and the formation of false ectopic crypts [37]. In this case,
increased proliferation area is an amount of small ectopic
crypt-promoting villous [33]. A typical feature of the TSA
is that ectopic proliferative crypts are perpendicular to the
direction of growth villiform structures and is not in contact
with the muscularis mucosae [33].

It was found that TSA is likely to progress into serrated
carcinomas with a picture of mucinous and trabecular growth.
Progression of such serrated carcinomas is more aggressive
compared with carcinomas that have developed from the classic
adenomas. It is assumed that the TSA development is associated
with a mutation of KRAS and probably leads to the deve-
lopment of cancer by hypermethylation of DNA repair gene
MGMT [14]. However, a recent study showed that the TSA
have either KRAS (2946 %) or BRAF (2755 %) mutations
[38], although it was believed that mutations of these genes are
mutually exclusive. While TSA has an obvious malignant po-
tential, mechanism of carcinogenesis remains to be studied yet.

Serrated-polyposis syndrome (SPS)

SPS is characterized by multiple serrated polyps including
HP, SSA/P and TSA. According to WHO’s data, clinical
criteria for SPS are: (1) at least five serrated polyps in
proximal colon, two of which are over 10 mm in diameter,
(2) any number of serrated polyps in the proximal colon
in a patient who has relative of first line with the serrated
polyposis; or (3) 20 serrated polyps of all sizes of any colon
localization [10]. Of note, patients with SPS are considered
to be in a high risk group of CRC [39]. Moreover, these
patients often have a family history of CRC [40], and it was
reported about an increased relative risk of CRC in patients
with the first line relatives with SRS. Thus, Boparai and his
colleagues reported that in 35 % of such cases (27 of 77)
the SPS was found, and CRC was found in 6.5 % (5 of 77)
of those patients [41]. Carballal and colleagues recently

reported that the presence of more than two SSA/P, which
are more proximal to the splenic flexure, and one SSA/P in
proximal colon with high-grade dysplasia were independent
risk factors for CRC (incremental OR=2.95 % CI=1.22-3.24,
p=0.006) in patients with SPS [42].

Molecular features of the serrated pathway

Colorectal neoplastic formations are not the result of a
single mutation, but a consequence of different types of
genomic damage, both a gene transcription and epigenetic
alterations [43]. Among the genetic alterations two mutually
exclusive categories of instability are identified. Chromo-
somal instability (CIN) develops after inactivating mutation
of the tumor suppressor gene in the 5" chromosome with
a gap in Wnt signaling pathway and destruction of all or
a part of the chromosomes. This leads to the activation of
KRAS oncogenes or the inactivation of suppressor genes.
An alternative is a microsatellite instability (MSI) which
develops after inactivating mutations in the genes of DNA
repair (mismatch repair) MLH1 and MSH2 and leads to
multiple mutations and deletions. MSI is classed as high,
low or absence (stability) [44].

Molecular changes are already present in the early stages
of surface neoplasias and non-neoplasive formations, and
their nature determines the clinical, morphological and bio-
logical characteristics of these formations [18].

The following predominant pathways for sporadic cancer
development was proposed by Leggett and Whitehall: (1) the
traditional pathway, which is characterized by chromosomal
instability (CIN) and adenomatous polyposis coli (APC)
mutation, which results in microsatellite-stable (MSS),
CIMP-negative, BRAF and KRAS wild-type tumours, (2)
the alternate pathway, in which either KRAS or APC muta-
tion leads to the development of MSS CIMP-low tumours
and (3) the serrated pathway , in which BRAF mutation can
lead to colorectal cancer with MSI-high (MSI-H) CIMP-high
(CIMP-H) or MSS CIMP-H phenotype [45].

The most prominent feature of the development of serrated
polyps is mitogen activated protein kinase (MAPK) path-
way, which is implemented through the mutation of BRAF
oncogene and development of the CIMP. Violation of p53
is also involved in the development of serrated formations
[46]. Very specific to serrated polyps is a BRAF and KRAS
genes mutation. It was noted that frequently BRAF mutated
in serrated aberrant crypt foci (62 %) [47], microvesicular HP
(70-76 %) [46], borderline SSA (80 %) [48], SSA (61-100 %)
[49] and SSA with cytological dysplasia or invasive cancer
(64-100 %) [50]. The BRAF mutations is not typical goblet
cells, but it was noted that KRAS mutated in 50 % of cases of
hyperplastic polyps [46]. Conversely, the development of can-
cer from serrated polyps in the proximal colon is characterized
with mutation of BRAF, CIMP and with or without MSI [18].

Conclusions

1. CRC should be considered as a heterogeneous multifac-
torial family of diseases with different course variants due
to the set of combinations of genetic events and epigenetic
alterations.
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2. Special attention is paid to the serrated pathway of can-
cer, where the key role is played by serrated polyps of the
colon, which are characterized by crypts glandular serration.

3. The genomic profile and malignant potential of serrated
colon polyps are described by defining of the status of CIN,
MSI, CIMP and the initial mutation in KRAS, BRAF, and

4. A thorough study of the molecular mechanisms of
progression along the serrated pathway and transformation
of serrated polyps in the CRC opens up prospects for the
development of guidelines for patient management in order
to prevent the development of serrated pathway cancers.
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