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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 identifi ed. 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 confi rmed 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.

Зубчасті поліпи як прекурсор розвитку раку товстої кишки: сучасний погляд і перспективи. Міні-огляд
І. О. Кузьо
Своєчасна діагностика раннього раку товстої кишки є вкрай актуальним питанням сучасності, оскільки це захворювання 

посідає друге місце серед жінок і третє серед чоловіків у структурі онкологічної патології. Згідно з результатами останніх 
досліджень, рак товстої кишки слід розглядати як гетерогенну, мультифактор-зумовлену групу захворювань із різними варіан-
тами перебігу.

Зубчасті поліпи товстої кишки є облігатним передраковим станом. У зв’язку з цим у світі активно вивчаються молекуляр-
но-генетичні та імуноморфологічні аспекти їхнього злоякісного потенціалу. Сьогодні дослідники визнають: зубчасті поліпи 
товстої кишки можуть малігнізуватися шляхом послідовної трансформації, що зумовлена генетичними абераціями.

Мета роботи – аналіз сучасних даних щодо механізмів формування та малігнізації зубчастих поліпів товстої кишки.
Зубчасті поліпи є гетерогенною групою утворень, що мають різні шляхи розвитку та злоякісний потенціал. Згідно з останньою 

класифікацією ВООЗ, їх поділяють на основні підтипи: гіперпластичний поліп, сидяча зубчаста аденома/поліп і традиційна 
зубчаста аденома, хоча натепер тривають дискусії щодо їхніх діагностичних критеріїв і злоякісного потенціалу кожного з цих 
підтипів.

Виявлений зв’язок між локалізацією зубчастого поліпа та його морфологією. Гіперпластичні поліпи, що розташовані у 
проксимальній товстій кишці, характеризуються більш вираженим ступенем зубчастості в базальному сегменті крипт, ніж 
поліпи, котрі розташовані в дистальних відділах. Різниця між проксимальною та дистальною локалізацією також доведена 
за допомогою молекулярно-генетичного дослідження: більшість проксимальних зубчастих поліпів з’являються після BRAF 
мутації, а більшість поліпів дистальної локалізації розвиваються після мутації KRAS. Відомо, що провідна роль у запуску 
надлишкової проліферації та пригноблення апоптозу у процесі злоякісного переродження зубчастих поліпів забезпечується 
комбінацією різних типів пошкодження геному як унаслідок порушення транскрипції генів, так і епігенетичних альтерацій. 
Молекулярні зміни наявні вже на ранній стадії клітинної дисплазії в зубчастих поліпах товстої кишки, а їх характер зумовлює 
їхній злоякісний потенціал.

Висновки. Детальне вивчення «зубчастого шляху» злоякісної трансформації поліпів товстої кишки в рак забезпечує майбутні 
перспективи щодо розробки стандартів із діагностики раннього раку товстої кишки та оцінювання його інвазивних властивостей.

Ключові слова: поліпи товстої кишки, рак товстої кишки, гістологія, мутація, аденокарцинома.
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Зубчатые полипы как прекурсор развития рака толстой кишки: современный взгляд и перспективы. 
Мини-обзор
И. А. Кузьо
Своевременная диагностика раннего рака толстой кишки является крайне актуальной проблемой, так как данное заболева-

ние занимает второе место среди женщин и третье среди мужчин в структуре онкологической патологии. Согласно последним 
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данным, рак толстой кишки следует рассматривать в качестве гетерогенного, мультифактор-опосредованного семейства забо-
леваний с различными вариантами течения.

Зубчатые полипы толстой кишки являются облигатным предраковым состоянием. В связи с этим в мире активно изучаются 
молекулярно-генетические и иммуноморфологические аспекты их злокачественного потенциала. В настоящее время большин-
ство исследователей признают, что зубчатые полипы толстой кишки путём последовательной трансформации, обусловленной 
генетическими аберрациями, могут трансформироваться в рак.

Цель работы – проведение анализа современных данных о механизмах формирования и малигнизации зубчатых полипов 
толстой кишки.

Зубчатые полипы представляют собой гетерогенную группу образований, отличных друг от друга, имеющих различные 
пути возникновения и потенциал озлокачествления. Согласно последней классификации ВОЗ, их разделяют на основные под-
типы: гиперпластический полип, сидячая зубчатая аденома/полип и традиционная зубчатая аденома, хотя в настоящее время 
продолжается дискуссия относительно диагностических критериев и злокачественного потенциала каждого из этих подтипов.

Была выявлена связь между локализацией зубчатого полипа и его морфологией. Гиперпластические полипы, расположенные 
в проксимальной толстой кишке, характеризуются более выраженной степенью зубчатости в базальном сегменте крипт, чем 
полипы, расположенные в дистальных отделах. Различие между проксимальной и дистальной локализацией также подтверж-
дено с помощью молекулярно-генетического исследования: большинство проксимальных зубчатых полипов развивается после 
BRAF мутации, а большинство полипов дистальной локализации развивается после мутации KRAS. Известно, что ключевая 
роль в запуске избыточной пролиферации и угнетения апоптоза в процессе злокачественного перерождения зубчатых полипов 
обеспечивается комбинацией различных типов повреждения генома как вследствие нарушения транскрипции генов, так и 
эпигенетических альтераций. Молекулярные изменения присутствуют уже на ранней стадии клеточной дисплазии в зубчатых 
полипах толстой кишки, а их характер предопределяет их злокачественный потенциал. 

Выводы. Детальное изучение «зубчатого пути» злокачественной трансформации полипов толстой кишки в рак открывает 
перспективы по разработке стандартов по диагностике раннего рака толстой кишки и оценке его инвазивных свойств.
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Background

Colorectal cancer (CRC) takes the 3rd place in men and 
the 2nd 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 signifi cantly 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 signifi cant 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 Classifi cation of 
Tumours of the Digestive System lists the following condi-
tions as precursor lesions of colorectal cancer: adenomas, 
serrated lesions, chronic infl ammatory 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 classifi ed as hyperplastic polyps, sessile adenoma/polyps 
without or with cytological dysplasia, and traditional serrated 
adenomas [10].

Classifi cation 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 classifi ca-
tion, they are divided into major subtypes, which are defi ned 
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 identifi ed. 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 
confi rmed with genomic profi les: 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 signifi cant 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 classifi cation [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 diffi cult to detect by colonoscopy due 
to their fl at shape, as compared with TSA which project into 
the lumen and have a bright red surface [32]. 

Previously it was diffi cult 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-fi lled, 
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 stratifi cation 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 (29–46 %) or BRAF (27–55 %) 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 fi ve 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 fi rst 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 fi rst 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 fl exure, 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 identifi ed. Chromo-
somal instability (CIN) develops after inactivating mutation 
of the tumor suppressor gene in the 5th 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 specifi c 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 profi le and malignant potential of serrated 
colon polyps are described by defi ning of the status of CIN, 
MSI, CIMP and the initial mutation in KRAS, BRAF, and 
APC oncogene. 

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. 

Confl ict of interests: authors have no confl ict of interest 
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