
Abstract. Background: Colonic crypts with normal
epithelial lining exhibiting corrupted shapes (NECS) have
been previously found beneath the adenomatous tissue of
polypoid conventional adenomas, in both rats and humans.
Aim: To assess the frequency of NECS in non-polypoid
colonic flat adenomas (FAs) and lateral-spreading adenomas
(LSAs). Materials and Methods: Histological hematoxylin
and eosin-stained sections from 51 non-polypoid colonic
adenomas were scrutinized over a 10-mm field of vision
(FOV). FAs were regarded lesions encompassed within the
FOV and LSAs as those surpassing that limit. The NECS/mm
ratio was calculated in individual lesions as the number of
NECS beneath the adenomatous tissue, divided by the length
(mm) of the FA and LSA. Results: Out of the 51 non-polypoid
adenomas, 27 were FAs and the remaining 24 LSAs. All 51
non-polypoid lesions were tubular adenomas. The mean
number of NECS in FAs was 6.29 (range=2-10) and in LSAs
was 15.29 (range=7-41) (p<0.05). On the other hand, the
mean NECS/mm ratio in FAs was 0.94 (range=0.50-2.00) and
in LSAs was 0.92 (range=0.40-2.93). Thus, no essential
differences in the number of NECS/mm was found between
FA and LSA. Conclusion: The accretion of NECS below the
neoplastic canopy of FA and LSA contrasts with the rare
occurrence of NECS in normal colonic mucosa. This finding
emerges as a previously unaddressed major event, an event
that might play an important role in the histogenesis of non-
polypoid adenomas of the colon.

In the past decades, the improvement of endoscopic optical
devices supplemented with mucosal dyes (chromoendoscopy)

has permitted colonoscopists to visualize previously
concealed mucosal lesions. In 1985, Muto and colleagues
found 14 small nonpolypoid mucosal lesions measuring not
more than 1 cm in diameter at colonoscopy in humans (1).
Since the histological examination revealed adenomas, those
lesions were called “flat” adenomas (FA). 

In 1995, in a clinical study, Jaramillo et al. detected 109
flat neoplastic lesions with the aid of high-resolution video
colonoscopy with chromoscopy: 97% were FAs and 3% FAs
with submucosal invasion (2). In another clinical study,
adenomas were found in 92% out of 208 flat lesions (3). In
a comparative survey of 781 flat colorectal neoplasias
collected at the Karolinska Hospital, Stockholm, Sweden,
and at the four main Hospitals in Tokyo, Japan (4), we
found high-grade dysplasia in 42% out of 420 FAs in
Japanese patients but only 14% out of 361 FAs in Swedish
patients. Intramucosal and submucosal carcinoma occurred
in 15% of the flat neoplasias from Japan, but only in 3% of
those seen in Sweden. Thus, FAs were more advanced in
Japan (in terms of high-grade dysplasia) and more
aggressive (in terms of intramucosal and submucosal
invasion) than in Sweden (4). Those findings underpinned
controversies regarding histological differences between flat
colonic neoplasias in Japan and in Western countries (5, 6).
Lately, the histological differences between Western and
Japanese regarding the classification of gastrointestinal
epithelial neoplasias were largely resolved by adopting the
Vienna classification (7, 8). 

In 1997, Kudo et al. called laterally-spreading tumors
(LSTs) those nonpolypoid neoplasms of large size, with a
lateral diameter greater than 10 mm (9). In subsequent
surveys, adenomas were found in 85% out of 497 LSTs (10),
in 88% out of 239 LSTs (11), and in all (100%) 33 LSTs
investigated (12). Apparently, adenomas account for the
majority of FAs and LSTs in the literature.

It remains unclear as to whether LSTs evolve as fully
developed neoplastic lesions from the start, or progress
through the lateral extension of pre-existing FAs. In this
context, Sato et al. followed-up 14 patients with flat
colonic tumors with colonoscopy for 19 months (range=11-
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26 months). During that time interval, none of the flat
tumors measuring approximately 5 mm in diameter
progressed to LSTs (13). Nevertheless, whether LSTs
progress through the lateral extension of pre-existing FAs
remains unsettled. 

In previous studies, we found colonic crypts with normal
epithelial lining, albeit with corrupted shapes (NECS), beneath
the adenomatous tissue of polypoid conventional adenomas,
in both rats (14) and humans (15). More recently, we noticed
in a clinical study NECS beneath the adenomatous tissue of
FAs and LSTs. The pertinent question was: Could differences
in frequency of NECs or in their histologicat phenotype be of
help in discriminating between FAs and LSTs? 

Against that background, we explored the frequency and
the histological phenotypes of NECS in a cohort of patients
with FAs and LSAs. 

Materials and Methods

The study material consisted of sections from 51 endoscopically
removed non-polypoid FAs and non-polypoid LSAs. Archival
hematoxylin and eosin (H&E)-stained sections (4-μm thick) were
retrieved from the files of the Gastrointestinal Research Laboratory
of the Department of Pathology, Karolinska University Hospital.
This study was approved by The Regional Ethical Review Board in
Stockholm (no. 2018/688-32).

Recording the size of sections in FA and LSA. The size of FAs and
LSAs was assessed using a standard light Nikon microscope (Nikon
Instruments Europe B.V, Amsterdam, the Netherlands), using 10×
oculars and a 2× Plan Apo objective (aperture 0.1). At that
magnification, the entire field of view (FOV) was 10 mm in
diameter. Nonpolypoid adenomas restricted to the boundaries of the
FOV were recorded as FAs and those exceeding that limit as LSAs. 

NECS were defined as crypts with normal epithelial lining albeit
with corrupted shapes found below the adenomatous tissue of FAs
and LSAs.

Calculation of the NECS/size ratio of FAs and LSAs. The number
of NECS found beneath the neoplastic glands of each FA and LSA
was divided by the length (mm) of the FA and LSA was calculated.

Statistical analysis. The non-parametric Kruskal–Wallis test was
applied to compare difference between groups. Statistical
significance was defined as p<0.05. 

Results 
Out of the 51 nonpolypoid adenomas, 27 were FAs (Figures
1 and 2) and the remaining 24 were LSAs (Figures 2 and 3).
All 51 nonpolypoid adenomas were tubular adenomas.

Histologic NECS phenotypes in FAs and LSAs. The following
NECS phenotypes were found: i) Cystic NECS, crypts with a
width of more than twice the width of a normal crypt; ii)
Multi-lobular NECS, wide NECS displaying several lobules;
iii) NECS with asymmetric fission; and iv) NECS with axial-
polarity distortions, with oblique or horizontal positions. 
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Table I. The frequency of predominant histological phenotypes in crypts
with normal epithelial lining but with corrupted shapes (NECS), found
beneath the neoplastic canopy in 51 non-polypoid colon adenomas: 27
flat adenomas (FA), and 24 lateral-spreading adenomas (LSA).

Predominant NECS                     FA,                  LSA,             Overall, 
phenotype                                   n (%)                 n (%)               n (%)

Cystic                                      10 (37%)             9 (38%)          19 (37%)
Multilobular                              8 (30%)             7 (29%)          15 (29%)
Asymmetric fission                  7 (26%)             6 (25%)          13 (25%)
Axial polarity distortions         2 (7%)               2 (8%)              4 (8%)
Total                                        27 (100%)        24 (100%)        51 (100%)

Table II. The size and number of crypts with normal epithelium but with
corrupted shapes (NECS) found beneath the adenomatous tissue, and
the NECS/size ratio in 27 flat adenomas (FA) and in 24 lateral
spreading adenomas (LSA).

                                 FA                                               LSA

Sample    Size     No. of        Ratio          Size       No. of         Ratio 
no.            (mm)     NECS    NECS/size     (mm)       NECS     NECS/size

1                  4             4              1.00             19              8               0.42
2                  9             9              1.00             15             40              2.66
3                  6             7              1.16             24             12              0.50
4                  7             6              0.85             20             22              1.10
5                  8            10             1.25             16             17              1.06
6                  7             7              1.00             14              9               0.64
7                  2             3              1.50             17              7               0.41
8                  3             4              1.33             35             14              0.40
9                  7             7              1.00             14             10              0.71
10                3             4              1.33             12              7               0.58
11                9             5              0.55             20             14              0.70
12                8             5              0.63             25             26              1.04
13                4             2              0.50             25             14              0.56
14                3             2              0.66             11             12              1.09
15                4             4              1.00             12              8               0.66
16                2             4              2.00             13              9               0.69
17                9             5              0.55             12             10              0.83
18                8            10             1.25             13             11              0.84
19                3             2              0.66             15              9               0.60
20                9             6              0.66             22             26              1.18
21                9             6              0.66             14             41              2.93
22                8            10             1.25             17             22              1.29
23                3             2              0.66             18              8               0.44
24                9             6              0.66             14             10              0.71
25                8             4              0.50                                                   
26                9             6              0.66                                                   
27                9             9              1.00                                                   
Total          149         170          25.27           417           367            22.11
Mean        5.52        6.29           0.94          17.34        15.29           0.92
Range        2-9         2-10       0.50-2.00      11-35        7-41        0.40-2.93



FAs and LSAs having two or more NECS phenotypes co-
existing beneath the adenomatous tissue were classified
according to the predominant phenotype recorded.

The results in Table I show that the most frequent
predominant phenotype was cystic NECS (37%), followed
by multi-lobular NECS (29%), NECS with asymmetric
fission (25%), and finally by NECS with axial polarity
distortions (8%). The difference between the frequency of
NECS of the first three phenotypes and NECS with
distortions of axial polarity was significant (p<0.05). On the
other hand, the difference in the frequency of the NECS
phenotypes between FAs and LSAs was non-significant
(p=0.12).

Frequency of NECS in FAs and LSAs. Table II shows that the
mean number of NECS in the 27 FAs was 6.29 (range=2-10)
and in the 24 LSAs was 15.29 (range=7-41). The difference
in the number of NECS between FAs and LSAs was
significant (p<0.05). 

Size of FAs and LSAs. Table II shows that the mean size of
FAs was 5.52 mm (range=2-9 mm), and of LSAs was 17.34

mm (range=11-35 mm). The difference in size between FAs
and LSAs was significant (p<0.05). 

The NECS/mm ratio in FAs and in LSAs. Table II also shows
that the mean NECS/mm ratio for FAs was 0.94 (range=0.50-
2.00), and for LSAs was 0.92 (range=0.40-2.93). Thus, no
essential difference was found in the NECS/mm ratio between
FAs and LSAs.

Discussion

The present survey showed that FAs and LSAs differed not
only in size, but also in the number of NECS. But when the
number of NECS was divided by the size of individual
lesions, the resulting NECS/mm ratio showed no essential
differences between FAs and LSAs. It would appear that
NECS develop independently of the length of the neoplastic
tissue in FAs and LSAs. 

The accretion of NECS below the neoplastic canopy of FAs
and LSAs, contrasts with the very rare occurrence of NECS
in normal colonic mucosa (16-19). In this regard, a recent
review of normal mucosa revealed that only three out of 22
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Figure 1. A: Flat adenoma of the colon. Note crypts with abnormal shapes (arrows) located below the darker adenomatous tissue on top (hematoxylin
and eosin, ×2). B: View of another flat adenoma of the colon showing crypts with corrupted shapes (hematoxylin and eosin, ×4). C: Flat adenoma
of the colon exhibiting multiple crypts with corrupted shapes indicated by arrows (hematoxylin and eosin, ×4). Note the absence of normal-shaped
crypts below the darker adenomatous tissue on top. D: A closer view of a flat adenoma of the colon displaying multiple crypts with normal epithelium
but with corrupted shapes below the darker adenomatous tissue on top (hematoxylin and eosin, ×2).



colonic segments proximal or distal to surgically removed
colon cancer in patients had occasional NECS (mean=3.7
NECS, range=2-5) (15). Thus, despite the majority of the
crypts in those colonic segments being histologically normal,
occasional NECS were infrequently seen. Considering that in
humans normal colonic crypts typically divide at most once
or twice during a lifetime, with an average crypt cycle length
of 36 years (20), the finding that NECS frequently evolve
underneath the neoplastic canopy of FAs and LSAs emerges
as a significant histological event that might play an important
role in the histogenesis of FAs and LSAs. 

In a preliminary study, we found NECS with asymmetric
and haphazardly distributed clusters of cell proliferation
underneath conventional adenomas (21). That abnormal
distribution of proliferating cells contrasts with that in the
normal colon, where proliferating cells are symmetrically
aligned in ‘Indian files’ along both slopes of the lower third
of the crypts (22). The abnormal distribution of
proliferating cells in NECS (21) suggests that their
apparently ‘normal' epithelium might harbor putative
somatic mutations. Whether similar alterations in cell
proliferation occur in NECS present in LA and LSAs,
remains to be elucidated. 

It should be stressed that not all crypts with corrupted shapes
underneath the neoplastic canopy of FAs and LSAs were lined
with normal epithelium. A closer examination revealed the
presence of interspersed crypts with corrupted shapes, lined
with dysplastic epithelium. This finding suggests that NECS
acted as scaffold-templates during the well-known top-down
replacement of the crypts by the dysplastic epithelium (14, 15,
23, 24). This mechanism rationally masked many NECS. 

Park et al. demonstrated in mice that crypts clonally multiply
through crypt fission when mutated at the glucose-6-phosphate
dehydrogenase (G6PD) locus, and postulated that tumor
initiation depended on a high fission rate of mutated crypts (16).
Accordingly, the accumulation of crypts underneath the
adenomatous glands of FAs and LSAs reported here might have
been encouraged by crypt mutations at the G6PD locus.

The crucial question is: What are the morphogenetic
mechanisms that trigger colonic crypts lined with normal
epithelium to develop corrupted shapes beneath FAs and LSAs? 

According to Jagan et al., morphogenesis is the ability of
a system to change its form. These authors demonstrated that
the formation of a colorectal crypt in humans is regulated by
phosphatase and tensin homologue deleted on chromosome
10 (PTEN), a protein encoded by the PTEN gene (25).
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Figure 2. A to F: Magnified views demonstrating crypts with corrupted shapes lined with normal epithelium, found below the adenomatous tissue
of flat adenomas of the colon (A, B and C), and below the adenomatous tissue of lateral spreading adenomas of the colon (D, E and F) (hematoxylin
and eosin, ×10).



Subsequently, in three-dimensional (3D) studies of human
colon crypts, Georgescu et al. found that Na+/H+ exchanger
regulatory factor NHERF1 controls gland morphogenesis
(26). Thus, the NECS found beneath the adenomatous tissue
of FAs and LSAs might have been generated by aberrations
in NHERF1 and PTEN morphogenesis signaling (26). 

In 1963, Cole and McKalen postulated that the stem cells
that trigger the development of polypoid adenomas of the
colon might be located between the crypt orifices and not at
the base of the crypts (27). But in the same year, Lane and
Lev put forward the possibility that at the base of the
adenomatous crypts, the normal-looking epithelium might
have been transformed and that the dysplastic epithelium on
top might only be demonstrated as the cells began to
differentiate and migrate up the crypt column (28). 

The question arises: Which develops first, the adenomatous
tissue in FAs and LSAs or the underlying NECS? In an attempt
to answer these questions, three options were considered: i)
That molecular signals emanating from the adenomatous tissue
in FAs and LSAs orchestrate the development of NECS below;
ii) that interdependent (symbiotic) cross-talk molecular signals

are necessary for the simultaneous evolution of the
adenomatous tissue on top and of the NECS below; or iii) that
independently of the adenomatous tissue on top, NECS evolve
at particular mucosal sites.

From these options, a possible candidate emerges, namely
that NECS evolve independently of the adenomatous tissue
on top, for the following reasons: NECS were occasionally
found in the non-dysplastic mucosa adjacent to FAs and
LSAs. The absence of adenomatous tissue on top of NECS
should rule out the possibility that the neoplastic tissue was
responsible for the development of NECS.

Previous studies on conventional adenomas showed that the
mucosa of the stalk (15) also exhibits NECS without
adenomatous tissue on top, suggesting that neoplastic epithelium
was not a prerequisite for the evolution of NECS in adenomas.

The dysplastic epithelium in FAs and LSAs apparently
replaced pre-existing NECS, resulting in interspersed crypts
with dysplastic epithelium with corrupted shapes. This
finding substantiates the dysplastic epithelium–top-down
replacement theory proposed for polypoid adenomas of the
colon and rectum (23, 24). 
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Figure 3. A: Lateral spreading adenoma of the colon (hematoxylin and eosin, ×1). B: View of another lateral spreading adenoma of the colon
showing multiple dilated crypts with abnormal shapes (arrows) located below the darker adenomatous tissue on top (hematoxylin and eosin, ×2).
C: Magnified view of a lateral spreading adenoma of the colon. Note crypts with abnormal shapes (arrows) located below the darker adenomatous
tissue on top (hematoxylin and eosin, ×4). D: View of another lateral spreading adenoma of the colon showing crypts with abnormal shapes (arrows)
located below the darker adenomatous tissue on top (immunostained for the proliferative marker Ki-67, ×4).



Swiss-rolled colectomies from 35 rats without carcinoma
(despite treatment with the colonotropic carcinogen 1,2-
dimethyhydrazine) revealed four conventional adenomas
(14). Below these adenomas, corrupted crypts lined either
with non-dysplastic (indigenous) epithelium (NECS) or with
dysplastic epithelium with corrupted shapes were found (14). 

In conclusion, we demonstrated that NECS accrue under the
adenomatous canopy of FAs and LSAs, a phenomenon rarely
found in crypts from normal colonic mucosa. The accretion of
NECS beneath FAs and LSAs emerges as a previously
unaddressed major event, an event that might play an important
role in the histogenesis of non-polypoid adenomas of the colon. 
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