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ABSTRACT

Background/Aims: The importance of hyperplastic polyps during colorectal carcinogenesis is appreciated related to the understanding
of serrated pathway. The morphologic subtypes of hyperplastic polyps in carcinogenesis and the nomenculature of lesions with both
hyperplastic and adenomatous areas are controversial. We aimed to reveal the molecular properties of hyperplastic polyp subtypes and
the molecular changes in polyps containing both hyperplastic and adenomatous areas.

Materials and Methods: 49 hyperplastic polyps [19 microvesicular (MVHP), 19 goblet-rich (GRHP), 11 mucin-poor (MPHP)] and 10 mixed
hyperplastic and adenomatous polyps were analysed for KRAS, BRAF mutations and MSI with real-time PCR.

Results: 68,4 % of MVHPs and 81% of MPHPs which were localized in right colon had BRAF mutations. While none of the GRHPs show-
ing a KRAS mutation with a rate of 73% was localized in the ascending colon, 63% of them were localized in the rectosigmoid area. In
five (50%) of the mixed polyps, KRAS mutation was detected both in the hyperplastic and adenoma components. There was no BRAF
mutation in any of the mixed polyps. However, in two cases, the hyperplastic component was MSI-H and the adenoma area was MSS.
Conclusion: Hyperplastic polyps, even if smaller than 5 mm, are precancerous lesions bearing different mutations. GRHPs with predom-
inant KRAS mutations and MVHPs and MPHSs with predominant BRAF mutations are precancerous. Although the molecular investi-
gations for HPP/SP are not necessary the morphological subtyping should be included if the case is diagnosed with HPP/SP as it will be

useful for attracting the gastroenterologist’s attention.
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INTRODUCTION

Hyperplastic polyp (HPP) was first described by Morson in
1962 as "metaplastic mucosal polyp,” as Arthur wrote in
his article (1). In the following years, various publications
emphasizing the difference of these lesions from ade-
nomas (ADs) described these polyps as mucosal lesions
with a leafy appearance consisting of dilated tubules
showing serration (1-3). Arthur suggested that these le-
sions may be degenerative and develop due to the aging
of the mucosa in adults older than 40 years (2). A few
years later, an ultrastructural study also suggested that
HPPs comprised normal but overdeveloped absorptive
cells (4). In the following years, many studies reported
that HPPs up to 5 mm, especially if localized in the left
colon, were not precursors of cancer (1, 3, 5). Studies on
HPP cases, including adenomatous changes or of the car-
cinoma area, have been published during the same period
of time as reports of the nature of HPPs and nonneo-
plastic lesions (6-9). Even though most studies classify-
ing colorectal polyps reported that more than 90% of all
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HPPs were smaller than 5 mm (1-3, 5), Estrada report-
ed that more than half of the polyps up to 5 mm were
ADs, and adenomatous changes had been detected in
13% of hyperplastic (HP) changes (7). After Cecilia pro-
posed “polyps with mixed hyperplastic and adenomatous
characteristics” terminology, “mixed hyperplastic adeno-
matous polyp (MHAP)" identification was introduced in
the literature (5, 10). In 1990, Longacre emphasized that
mixed polyps could be divided into at least two groups.
The first group comprised polyps in which traditional HP/
AD areas could be sharply circumscribed, and the second
group comprised the polyps with AD-like characteristics
in glands carrying structural hyperplastic characteristics
(MHAP) and the author suggested to term these polyps
as "mixed hyperplastic adenomatous polyps/serrated ad-
enoma” (11).

In the next 10 years, different pathways in colon cancer
development and molecular changes in HPPs and mixed
polyps were identified. Studies showing microsatellite
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instability (MSI) and KRAS mutations in traditional HPPs
increased the evidence of HPPs being neoplastic lesions
(12-15). Torlakovic, who grouped all colorectal polyps
with serration under the title “serrated polyps,” defined
the localization, molecular and morphological character-
istics of these polyps. According to him, although serrated
polyps had common characteristics, serration, architec-
tural distortion, and nuclear atypia were present in ser-
rated polyps that were localized in the right-sided colon,
while thickening in surface basal membrane and muscu-
laris mucosa were more prominent in serrated polyps that
were localized in the left-sided colon. Loss of MLH1 and
MSH2 was prominent in serrated polyps showing abnor-
mal proliferation without any difference in localization.

As a result of these morphological and molecular find-
ings, Torlakovic et al. emphasized the distinct differences
between serrated polyps located in the left and right co-
lons, and according to the mucin amount and distribu-
tion type, he proposed the terminologies for the normally
proliferated serrated polyps in the left colon as microve-
sicular serrated polyps, goblet cell serrated polyps, and
mucin-poor serrated polyps. For abnormally proliferated
polyps, the authors suggested the use of sessile serrated
ADs for those located in the right colon and traditional
serrated AD for those in the left colon (16).

Studies aiming to elucidate the molecular properties of
serrated polyps have revealed that although microve-
sicular HPs, mucin-poor HPs, and sessile serrated ADs/
polyps carry BRAF mutations, they also cause MSI and
tumors with CpG island hypermethylation. Furthermore,
although goblet-rich polyps carry KRAS mutations more
frequently, traditional serrated ADs can have BRAF or
KRAS mutations. However, as the name indicates, the
molecular properties of mixed adenomatous HPPs are not
clear. In this study, we focused on the molecular changes
in mixed polyps in which traditional HP/AD components
were sharply circumscribed and especially in normally
proliferated serrated polyp subtypes.

MATERIALS AND METHODS

Hematoxylin-eosin sections of HPPs and AD lesions of
the last 5 years, which were in the archives of the De-
partment of Pathology, were re-evaluated regardless of
their localization. Of the samples best representing the
morphological definition of Torlakovic, 19 microvesicu-
lar-type hyperplastic polyps (MVHPs), 19 goblet cell-rich
hyperplastic polyps (GRHPs), and 11 mucin-poor hyper-
plastic polyps (MPHPs) were included in the study (16,
17). Also, 10 mixed polyps (HP/AD) that were suitable

for microdissection and whose HP and AD components
could be sharply circumscribed were selected. Five-mi-
crometer-thick sections (n=5) of HPPs were taken in
eppendorf tubes. The HP and AD sections of the mixed
polyps were separated by “manual microscopic examina-
tion" (18) (Figure 1, mixed polyps slide), and 5-pm-thick
sections (n=5) of these were taken in eppendorf tubes.
DNA was extracted following the manufacturer’s proto-
cols (cobas DNA sample preparation kit, Roche Diagnos-
tics, Risch-Rotkreuz, Switzerland), and KRAS mutations
(codons 12,13, and 61) and BRAF mutation (V600E) were
investigated in the DNA samples obtained from the sec-
tions by using real-time polymerase chain reaction (RT-
PCR). In addition, MSI was investigated in HP and AD
parts besides KRAS and BRAF by RT-PCR in mixed polyps
(19). Five microsatellite loci (BAT25, BAT26, NR21, NR24,
and MONO27) were investigated in mixed polyps, sepa-
rately in HP and AD areas, as well as in normal tissue.

MSI in one locus was evaluated as low-frequency MSI
(MSI-L), instability in two or more loci as high-frequency
MSI (MSI-H), and lack of instability in any of the loci as
microsatellite stable (MSS). MSI was not studied in HPPs
because of the very low incidence of MSI in HPPs in the
literature, and in most of the cases, lesion-free tissue was
available. Patients were evaluated according to gender, age
(<35, 36-60, and >60 years), and polyp localization. Pol-
yp localizations were divided into two groups as left-sided

Adenomat

Figure 1. After the microscopic boarding on mixed polyps slide,
Slide and paraffin blocks were matched and 2 components were
separated from the paraffin block, and then embeded in 2 different
blocks (H&Ex2).
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Figure 2. a-d. Microvesicular hyperplastic polyps(MVHP). The characteristic features are the microvesicular cells and the presence of apical
mucin in form of small vesicles (a) and c) HEx20), (b) and d) H&Ex40).

colon and right-sided colon. The ascending colon, hepatic
flexure, transverse colon, and splenic flexure were consid-
ered as the right colon, and the descending colon, sigmoid
colon, and rectum were considered as the left colon.

The ethics committee of the Dokuz Eylul University Med-
ical School approved the study. Informed consent form
was not requested by the ethics committee since this
process did not involve interventional procedures.

Statistical Analysis

Demographic, morphological, and mutation results were
evaluated by the McNemar chi-square and Kappa analy-
ses, using the Statistical Packages for the Social Sciences
(SPSS) (IBM Corp.; Armonk, NY, USA) 15 statistical analysis
program, and p values <0.05 were considered significant.

RESULTS

Of the 59 patients included in the study, 31 (52.5%) were
male and 28 (47.5%) were female. Two (4.4%) patients
were <35 years, 30 (50.8%) were between 36 and 60
years, and 27 (45.8%) were >60 years. Of the serrated
polyps, 38 (77.6%) were localized in the left colon (de-
scending colon, sigmoid, and rectum) and 11 (22.4%)
were in the right colon (ascending and transverse colons).
The left-right localization ratio of the mixed polyps was
50%, each. The diameter of lesions was between 1 and 3
mm in 22 cases, between 4 and 6 mm in 30 cases, and >6
mm in seven cases.

The surface basal membrane and muscularis muco-
sa were thickened in all the subtypes in varying ranges,
except in the mixed group. In this series, there were no
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Figure 3. a-d. Goblet-rich hyperplastic polyps (GRHP). Numerous goblet cells with no atypia/mitosis or vesiculation (a) and c¢) HEx10), (b)
and d) H&Ex20).

GRHPs or MPHPs in the ascending colon. There was no
statistically significant relationship between gender, le-
sion size, and the type of mutations. However, morpho-
logical findings and mutation profiling were significantly
associated, in concordance with the literature.

The most characteristic morphological feature in mi-
crovesicular HPPs was the presence of apical mucin in the
form of small vesicles. There was structurally mild distor-
tion, and approximately one-third of the cases had mild
nuclear stratification on the surface (Figure 2, MVHP). A
significant proportion of the patients in this group (n =
12, 63.2%) was in the 30-60 age group and in the right
colon (n = 6, 31.5%). Furthermore, only one of the MVHPs
had a KRAS mutation (6.3%), and 13 (68.4%) had BRAF
mutations (p<0,001)

Serration in goblet-rich polyps was not prominent and
was generally mild on the surface. The most character-
istic morphological feature in goblet cells was appar-
ent hyperplasia. There was no atypia or vesiculation in
goblet cells, which were sharply circumscribed and in-
creased in number (Figure 3,GRHP). Among all patients,
only two were <35 years of age, both in this group. Ten
(52.6%) patients were >60 years of age and 16 (84.2%)
of the patients had left colon localization. Furthermore,
14 (73.7%) of the patients with goblet-rich polyps had a
KRAS mutation, whereas only one (6.3%) patient had a
BRAF mutation (p<00,01)

The mucin-poor HPP group was with the least number
of patients after re-evaluation. A significant amount of
mucin loss, severe loss and irregular distribution in gob-
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Figure 4. a-d. Mucin-poor hyperplastic polyps (MPHP). Severe loss and irregular distribution in goblet cells, hyperchromatic appearance and
stratification (a H&Ex4) (b and ¢ H&Ex10), (d H&Ex20).

let cells, hyperchromatic appearance, stratification, and
more inflammation in lamina propria were the most ob-
vious morphological findings, when compared with other
HPPs (Figure 4 MPHP). BRAF mutation was detected in
9 (81.8%) of the mucin-poor lesions, and the other two
patients had a KRAS mutation (p< 0,001) (p0.00).

Six (60%) of the mixed polyps (HP/AD) (Figure 5, HP/AD)
were rectosigmoid localized, and there was no difference
in age or gender. The HP component had GRHP morphol-
ogy in all patients. KRAS mutation was detected in both
HP and AD components in five (50%) of the cases. No
BRAF mutation was detected in either component of the
mixed polyps. In five cases, both HP and AD components
were MSS. In five cases, MSI-L (n=2) and MSI-H (n=3)

were detected in the HP component, and the AD compo-
nents were MSS (Table 1).

DISCUSSION

Colorectal cancer (CRC) is the second and third most
common cancer in women and men, respectively (20).
84% of sporadic CRCs develop from the chromosomal
instability pathway where there is a copy number change
in DNA, whereas in the sporadic hypermutated group
(13%), MSI forms a molecular pathological basis, and in
this group 80%-90% of the cases are accompanied by
BRAF mutations (21, 22). This main molecular classifica-
tion is further elucidated by consensus molecular sub-
typing, and every day, new publications contribute to the
literature (23, 24). Colonoscopy follow-up of the patients
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Figure 5. a-d. Mixt polyps (HP/AD); hyperplastic and adenoma areas could be sharply circumscribed. In this study the hyperplastic
components was GRHP subtype in the all of the cases (a) H&Ex10) (b) and d) H&Ex20), (c) H&Ex4).

with AD occupies the gastroenterologists. Neither gas-
troenterologists nor pathologists take HPPs into consid-
eration largely, especially in their daily routine. Although
it is known that large or multiple HPPs may be precur-
sors of carcinoma especially when they are located in the
proximal colon, nonmultiple HPPs smaller than 5 mm, es-
pecially if localized in the distal colon, have been consid-
ered as harmless lesions without long-term malignancy
potential, and this approach is still valid in many centers
(7, 25, 26). As new molecular pathways of CRC develop-
ment are discovered, researchers have also focused on
precancerous process and lesions. Although we did not
access the original article, we can see that a researcher
named David considered HPPs as precancerous in the
1940s because they were frequently seen in the periph-
ery of rectum cancer. Today, by molecular investigations,

it would be fair to merit David's opinion about HPPs (2).
MSI and BRAF mutations in right-sided colon cancer
and KRAS mutations that were more prominent in the
left-sided colon cancer were also observed in HPP/SPs. In
this study, 68.4% of MVHPs and 81% of MPHPs localized
in the right colon had BRAF mutations. While none of the
GRHPs showing a KRAS mutation with a rate of 73% was
localized in the ascending colon, 63% of them were local-
ized in the rectosigmoid area. These similarities in terms
of the mutation type and location of invasive tumors and
HPPs are important clues that HPPs are not completely
innocent lesions.

Thus, are all HPPs really HPPs? For example, some of the
polypoid colon mucosa taken from the previous polyp-
ectomy base/anastomosis line can be easily diagnosed as
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Table 1. KRAS, BRAF, and MSI status in hyperplastic and adenoma
components, respectively, in mixed polyps.

Mixed polyp (HP/AD)  KRAS BRAF MSI

1 -/- -/- MSI-L/MSS
2 -/- -/- MSS/MSS

3 +/+ -/- MSS/MSS

4 +/+ -/- MSS/MSS

5 +/+ -/- MSS/MSS

6 -/- -/- MSI-L/MSS
7 -/+ -/- MSI-L/MSS
8 -/- -/- MSI-H/MSS
9 +/+ -/- MSI-H/MSS
10 -/- -/- MSS/MSS

MSI: microsatellite instability; HP/AD: hyperplastic and adenoma; MSS: mi-
crosatellite stable; MSI-L: low-frequency MSI; MSI-H: high-frequency MSI.

HPP. However, even though enlargement and prolifera-
tion can be observed in these mucosa goblet cells, there
is almost no serration. Morphologically, the appearance of
reactive mucosal changes/goblet cell hyperplasia, rather
than a true HPP, is dominant. For this group of polypoid
mucosal changes, the use of HPP terminology, although
the molecular profiles have not yet been studied, does
not seem very accurate. In de novo HPPs with identified
molecular profiles and morphological characteristics, us-
ing serrated polyp terminology based on the WHO 2010
classification and reporting the complete morphology as
MVHP/MPHP/GRHP will attract the clinician's attention
for the precancerous lesions and HPP terminology will be
kept for the diagnosis of lesions in reactive mucosal pro-
cesses. The definition of mixed polyps is a somewhat con-
troversial for polyps with multiple morphological changes.
Grouping these polyps as HP/AD and MHAP and incorpo-
ration of MHAPs into the serrated aAD/polyp spectrum
can significantly solve the morphological complexity (11).

In this study, we focused on the molecular changes in
10 mixed polyps in which the HP and AD components
were sharply circumscribed. Our aim was to find how two
components could be found together, as discussed by
Longacre and Fenoglio (11, 27). While some of the polyps
show adenomatous dysplasia on the surface, HPP ap-
pearance at the bottom is a very common finding, which
cannot be a coincidence. Does the AD stimulate the HP
process in the adjacent mucosa? Or do AD molecular

changes accumulate on HP changes? Another question
is, are these HP changes only a reactive process or do the
molecular properties support the neoplastic process? Al-
though we could not find a clear answer to the first two
questions, we can say that we have found a partial answer
to the last question. In five (50%) of the mixed polyps, we
detected a KRAS mutation both in the HP and AD com-
ponents. In four cases, there was no KRAS mutation in
either component. At least for this type of mutation, we
can say that these two different components are actually
parallel to each other. The fact is that the HP component
was in the GRHP morphology and showed a similar KRAS
mutation as GRHP did in all cases, which can be interpret-
ed as the HP component in the mixed polyps reflecting
the neoplastic process rather than the reactive process.
However, there is no answer as to which morphological
component started to develop first, but it is possible to
say that, even if the AD component is not present, the
GRHPs reflect a neoplastic process, and those who have
received this diagnosis deserve follow-ups.

We did not detect any BRAF mutation in any of the mixed
polyps. However, in two cases, the HP component was
MSI-H and the AD area was MSS. Lino et al. have re-
ported that of the 21 pure HPPs, MSI-L was present in
three cases, but there was no MSI-H. Eight of the mixed
polyps have shown MSI-L/H in the HP component and
only four of the adjacent neoplastic component (serrated
AD/traditional AD) have shown MSI. Although MSI-H has
not been detected in pure HPPs, either in the literature
or in another study by our group, the presence of MSI-H
in the HP component observed in the mixed polyps was
remarkable. Even though it is suggested that consecutive
mutations lead to the formation of components in mixed
polyps showing MSI and the other four cases may be due
to collision of lesions, it looks quite difficult to distinguish
between them just by checking the MSI status (14).

One of the limitations of this study is to include only pol-
yps of a certain size which can be cut manually, since we
do not have a laser dissection machine in our laboratory,
and also, the number of polyps that are poor in mucin is
much less than the other ones.

CONCLUSION

As the information on colorectal carcinogenesis increas-
es, the definitions of precancerous lesions also change. In
molecular pathological studies in the CRC area, targeted
therapies are perhaps the most popular ones. However,
the elaboration of the morphological and molecular fea-
tures of precancerous lesions is important in terms of
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prevention and standardization of the follow-up stage
prior to the development of invasive carcinoma. The find-
ings of this study suggest that HPPs, even if smaller than
5 mm, are precancerous lesions bearing different mu-
tations. GRHPs with predominant KRAS mutations and
MVHPs and MPHSs with predominant BRAF mutations
are precancerous.

Although the molecular investigations for HPP/SPs are
not necessary to save time and money in daily practice,
morphological subtyping should be included if the case is
diagnosed with HPP/SPs as it will be useful for attracting
the attention of gastroenterologists and establishing a
ground for further studies.
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