
Abstract. Background/Aim: We previously found crypts in
symmetric fission (CSF) and in asymmetric fission (CAF) in
colectomy-specimens with ulcerative colitis. We now
analyzed CSF and CAF (CSAF) in biopsies from 80 patients
with inflammatory bowel disease (IBD) without dysplasia or
carcinoma. Patients and Methods: One unselected double-
biopsy from affected endoscopic areas was investigated in
the 80 cases. Results: A total of 353 crypts in fission were
found. The median number of CAF/biopsy was 3.7 and for
CSF/biopsy, 0.7 (p<0.00001). Conclusion: CSAF often occur
in unselected biopsies from patients with IBD. Whereas the
increased frequency of CSF might mirror a compensatory
mechanism of crypt production in areas occupied by
inflammation, CAF reflects a pathological aberration of
cryptogenesis, probably generated by somatic mutations. The
biological significance of CAF in IBD without dysplasia or
carcinoma, deserves to be further investigated. 

Besides the high number of inflammatory cells, mainly in the
lamina propria, histologic sections in ulcerative colitis (UC)
typically exhibit crypts with architectural distortions. The
concept of crypts with architectural distortions has received
various trivial names in the literature, such as alteration in crypt
configuration (1), architectural aberrations (2), distortion of the
crypts (3), crypt architectural irregularities (4), corrupted colon
crypts (5), and crypts with architecture abnormalities (6), to

name some. Crypts with architectural distortions in UC includes
crypt branching. In 1972, Basil Morson reported crypt budding
and crypt branching in rectal biopsies from patients with UC
(7). In 1986, Cheng, Bjerknes, and Gardiner (8) found high
percentages of branching crypts in diseased colonic epithelium
from patients with UC, Crohn’s disease, and multiple polyposis;
it was concluded that branching crypts represented a stage in
the process of crypt replication (8). In 1991, Seldenrijk et al.
(9) defined crypt branching in UC and Crohn disease, when ≥2
branched crypts were found in well oriented biopsies,
emphasizing that crypt branching was easily recognized when
seen in the vertical plane, but not in the horizontal plane, as
crypts often displayed acinar profiles (9). In 2002, Washington
et al. (10) defined diffuse mucosal architectural distortion, as
obvious irregularities in crypt shape, spacing, and size, with loss
of crypt parallelism involving the entire biopsy fragment, and
in 2004, Glickman et al. (11) listed crypt branching among
architectural features of chronicity in UC. More recently,
DeRoche et al. (12) registered crypts with architectural
distortion, typified by crypt shortening (i.e., presence of space
between the bottom of the crypts and the upper edge of the
muscularis mucosae) and crypt branching. According to
Gajendram et al. (13), the diagnosis of UC is made in 75% of
the cases when two or three of the four following microscopic
changes were present: severe crypt architectural distortion,
severely decreased crypt density, irregular mucosal surface, and
heavy diffuse transmucosal inflammation without genuine
granuloma. In the aforementioned reports, the descriptions and
illustrations of crypts with architectural distortions -including
crypt branching- were based on well-oriented sections, at right
angles to the muscularis mucosae. 

Sections from rectal biopsies typically show crypts cut in
a horizontal plane. In 1982, we assessed the frequency of
cross-cut crypts in rectal biopsies from patients with UC
(14). The transected ring-shaped crypts revealed architectural
distortions and in cases with UC in remission, twin-crypt
dichotomy (15). The latter, called the ‘back-to-back sign,
was easily recognized at the point of crypt bifurcation; it was
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considered to represent crypts in fission (15). Subsequently,
while studying sections cut in a vertical plane, we found at
the edge of mucosal ulcers in three colectomy specimens
with UC, 70 crypts with architectural distortions; 30 (43%)
of those were in asymmetric fission (16). In a more recent
study of seven colectomy-specimens from patients with UC,
having sections cut in a vertical plane, albeit with random
cross-cut-crypts areas, we found crypts with architectural
distortions, including 3,586 crypts in fission; of those, 2,930
(82%) were in asymmetric fission (17). From these findings,
it was deduced that crypts in asymmetric fission often occur
in specimens from colectomy specimens with UC. 

Endoscopic biopsies are often cross-cut in a horizontal
(tangential) plane during processing and the resulting
sections mainly reveal cross-cut crypt-rings. Against that
background, the pertinent question was: Could cross-cut
sections from endoscopic biopsies in patients with IBD
include among crypts with architectural distortions, crypts in
asymmetric fission? To answer that question, we re-
examined a cohort of surveillance endoscopic biopsies from
patients with UC and Crohn colitis. 

Patients and Methods
The material includes endoscopic biopsies from 80 patients with
IBD without dysplasia or carcinoma (40 with UC and 40 with
Crohn’s colitis), under surveillance. Two endoscopic biopsies were
taken from each of 10 different colon-levels. Histological sections
(4 μm thick) were stained with hematoxylin and eosin (H&E). Each
slide had 10 sections, five for each biopsy. From endoscopically
affected areas, one unselected double-biopsy was used in this study.
Sections were scrutinized in a standard Nikon light microscope
(Surbiton, UK) carrying ×10 ocular lenses and a ×10 Plan Apo
objective (aperture 0.45). All symmetric and asymmetric crypts in
fission found in the sections from the 80 cases, were recorded.

Definitions
Architectural crypt distortions in biopsies from patients with IBD.
Crypts with architectural distortions were regarded as those varying
in size, often with irregular shapes, separated by dissimilar amounts
of lamina propria, often with chronic inflammation. Crypts with
architectural distortions included crypts in fission.

Crypts in symmetric fission in biopsies from patients with IBD. In
transected (cut-across) crypts. Colonic biopsies often revealed
transected (cut across), back-to-back, ring-shaped, symmetric twin
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Figure 1. Colon crypts with architectural distortions in inflammatory bowel disease. A: Cross-cut crypts in disarray showing different diameters
separated by unequal amounts of lamina propria showing chronic inflammation (H&E original ×10). B: Cross-cut crypts with architectural
distortions. Note one crypt in symmetric fission (upper arrow), and another crypt in asymmetric fission (lower arrow) (H&E original ×10). C:
Cross-cut crypts with architectural distortions including crypts in asymmetric fission (upper two arrows) and in symmetric fission (lowest arrow)
(H&E original ×10). D: Upright crypt with three-foiled asymmetric fission, at arrows (H&E original ×20). E: Upright crypt in asymmetric fission
(H&E original ×10). F: Cross-cut crypt in asymmetric fission surrounded by lamina propria with chronic inflammation. Note the different size in
the seven crypt-lumina (H&E original ×20). 



crypts of similar diameter, separated from each other either by a thin
layer of epithelial cells or a rim of lamina propria (7). In similarity
with rectal biopsies (15), crypts with these characteristics in the
colon, were referred to as the back-to-back sign (Figures 1B and
2A), and regarded to be in symmetric fission.

In vertically-oriented crypts. In well oriented sections, two
identical colonic crypts, sharing a single luminal opening on top. 

Crypts in asymmetric fission in biopsies from patients with IBD. In
transected (cut across) crypts. Two or more back-to-back “ring-
shaped” crypts varying in diameter and/or shape, joined by a thin
epithelial rim (Figure 1B, C, F, Figure 2B-F and Figure 3).

In vertically-oriented crypts. In well oriented sections, two or
more crypts of different diameters, lengths and/or shapes, sharing a
single luminal opening on top (Figure 1D, E and Figure 2G, H).

Ethical approval. The Regional Ethical Review Board in Stockholm
approved this study (EPM dnr 2020-01634). Since the study is
retrospective and the sections were coded and studied anonymized,
the Regional Ethical Review Board in Stockholm approved that
informed consent from the patients was not required. 

Statistical analysis. The non-parametric Mann-Whitney U two-tail
test was applied to compare difference between groups, using the
Social Science Statistics. Statistical significance was defined as
p<0.05. 

Results

Number of crypts in asymmetric and in symmetric fission in
biopsies from patients with IBD. Out of the 353 crypts in
fission in the 80 cases with IBD in Table I, 296 (83.9%) were
asymmetric and the remaining 57 (16.1%) symmetric. The
median number of crypts in asymmetric fission/biopsy was
3.7 (range=0-7), and the median number of crypts in
symmetric fission, 0.7 (range=0-2), respectively (p<0.00001).

In UC, out of 196 crypts in fission, 166 (84.7%) were in
asymmetric fission. The median number of crypts in
asymmetric fission per biopsy was 4.2 (range=0-7). In Crohn
colitis, out of the 157 crypts in fission, 130 (82.8%) were in
asymmetric fission. The median number of crypts in
asymmetric fission per biopsy was 3.3 (range=0-7). The
median number of crypts in asymmetric fission in UC and in
Crohn colitis was non-significant (p=0.00634).

Crypts in asymmetric fission exhibiting abscesses were
often found in areas with active mucosal inflammation in
biopsies from patients with IBD (Figure 3).

Number of transected crypts and vertical crypts in fission in
biopsies from patients with IBD. Out of the 296 asymmetric
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Figure 2. Colon crypts in symmetric and in asymmetric fission in inflammatory bowel disease. A: Cross-cut back-to-back, ring-shaped, symmetric
twin crypts of similar diameter, separated from each other by a thin layer of epithelial cells (H&E original ×40), B: Cross-cut crypt in asymmetric
fission, separated from each other by a thin layer of epithelial cells (H&E original ×40), C: Cross-cut crypt in asymmetric fission portraying three
lumina of different size (H&E original ×40), D, E F: Various phenotypes of cross-cut crypts in asymmetric fission (H&E original ×20), G, H: Close
view of upright crypts in asymmetric fission (H&E original ×40).



crypts in fission, 235 (79.4%) had been transected (cross-
cut), and the remaining 61 (20.6%) both cross-cut and
vertically cut (p<0.00001). 

Discussion

The present findings showed that crypts in symmetric and
asymmetric fission are often found in unselected biopsies
obtained from endoscopically affected areas in patients with
UC and Crohn colitis under surveillance. The majority of the
crypts in fission were in asymmetric fission (85% in UC and
83% in Crohn colitis, respectively). The relatively high
frequency of crypts in fission in colon biopsies in IBD found
here, contrasts with the absence of crypts in asymmetric fission
and the rare occurrence of crypts in symmetric fission in the
normal colon mucosa of adults (18-20). Furthermore, Goldstein
and Ahmad (21) found in sigmoid colon specimens removed
for protracted diverticulitis (n=100) or adenocarcinoma that
also exhibited diverticulitis (n=53), that the colonic crypts

retained their normal shape, despite ongoing chronic
inflammation. No crypts with architectural distortions were
found (21), strongly suggesting that ongoing chronic
inflammation per se does not encourage the development of
crypts with architectural distortions, including crypt branching.
Consequently, causes other than chronic inflammation might
be responsible for the evolution of crypts with architectural
distortions, including crypts in symmetric and in asymmetric
fission in IBD. 

Forty years ago, we explored several histologic variables
in transected (cut across) crypts, present in rectal biopsies
from 72 rheumatic patients without gastrointestinal
symptoms, having histologically normal rectal mucosa (22).
The variables in ten consecutive transversally cut glands
were: crypts diameter (minor axis), the distance between
glands, the number of glands using a 40× objective, and the
number of nuclei in ten consecutive spaces of lamina propria
between glands. The sum of the values in each variable in
the control patients was considered the score describing the
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Table I. The number of colon crypts in asymmetric fission and in symmetric fission in endoscopic biopsies from 40 patients with ulcerative colitis
and in 40 with Crohn colitis.

                                                   No. of crypts in asymmetric and                                           No. of crypts in asymmetric and                          Total
                                                             in symmetric fission                                                              in symmetric fission
                                                         in 40 endoscopic biopsies                                                     in 40 endoscopic biopsies
                                                   in patients with ulcerative colitis                                              in patients with Crohn colitis       

                       No. of asymmetric         No. of symmetric          Total         No. of asymmetric        No. of symmetric           Total
                           crypt in fission              crypt in fission                                 crypt in fission              crypt in fission

Total                            166                                  30                        196                       130                                  27                          157                    353
Mean                            3.8                                  0.8                        4.9                        3.3                                  0.7                          3.9                     4.4
Range                          0-7                                  0-2                        1-7                       0-7                                  0-2                         1-7                     0-7

Figure 3. Colon crypts in asymmetric fission with crypt-abscesses. A: Cross-cut crypts with architectural distortions, showing several crypt-abscesses,
one in a crypt in asymmetric fission (arrow) (H&E original ×10). B: Cross-cut crypt in asymmetric fission, at arrows, with abscess (H&E original
×10). C: Closer view of a crypt in asymmetric fission, with abscess (H&E original ×40). 



histological state of the normal rectal mucosa. In patients
with UC, rectal biopsies showed higher scores due to wide
variations in the aforementioned variables (14) and those in
remission (15) revealed twin-crypts in fission. Similar
variations can empirically be appreciated in colon biopsies
from IBD patients (Figures 1 and 3). 

The cell population in the crypts is coordinated by stem
cells (23-25). The stem cell niche keeps the cell number in the
crypts in balance. Wnt signaling controls apoptosis along the
crypts, cell differentiation, and cell proliferation. High
concentrations of Wnt are found at the bottom of the crypt (the
stem cells domains) and low in the upper portion of the crypts
(where differentiated cells reside). In contradistinction, APC
concentration is high in the upper portion of the crypts and
low at the bottom of the crypts (26, 27). Wnt signaling has
been linked to crypt fission, being required for the production
of colon crypts in infant rats and mice in vitro (28). 

In later years, the notion of “branching” has attracted the
attention of evolutionary biologists. Transdisciplinary literature
searching, indicates that the antagonistic balance between
noggin and bone morphogenetic protein 4 (BMP4) is
necessary for feather branching (29). BMP4 stimulates rachis
development and barb fusion, and noggin boosts rachis and
barb branching. In another study, Harris et al. (30) studied the
dynamics of morphogenesis molecules in embryonic feather
buds and branching. Feather branching developed by
activator–inhibitor interactions between one morphogenetic
protein 2 (Bmp2) signaling in the basal epithelium of the
feather germ and Sonic hedgehog (Shh). The integration of
barb ridge morphogenesis triggered the development of
feather structures. Thus, Yu et al. (29) and Harris et al. (30)
identified the molecular signaling of branched structures,
thereby demonstrating that branching feathers in birds is
coordinated by several morphogenic molecules. Wnt signaling
also regulates key events during morphogenesis and
embryonic patterning (29, 30). In light of this transdisciplinary
molecular knowledge, the question is: Could mutations in
morphogenic molecules have contributed to the generation of
morphogenic aberrations in crypts in symmetric fission,
leading to asymmetric crypt formation in IBD? 

Taking into account that the cause(s) responsible for the
evolution of pathological aberrations of cryptogenesis in IBD
remain elusive, the following questions seem pertinent: i)
Could the mutagenic colon bacteria found in the colonic
microenvironment in IBD (31-33) had set aflame the
development of crypts in asymmetric fission?; ii) Could
crypts with asymmetric fission had been generated by the
IBD medication? 

The presence of crypt-abscesses (Figure 3) appears not to
be the cause for the formation of crypts in asymmetric
fission, inasmuch as crypts in asymmetric fission were often
found in mucosal domains without crypt-abscesses (Figures
1 and 2). 

To characterize the process of clonal expansion in crypts
with high-grade dysplasia in UC, Chen et al. (34)
investigated dysplastic and non-dysplastic crypts within the
same individual. Arbitrary primed (AR) and inter-simple
sequence repeat PCR DNA fingerprint-mutation profiles of
single crypts were compared with the mutational profiles
from clusters of crypts and whole biopsies within the same
individual. The authors (34) demonstrated that the
mechanism of clonal expansion can occur through crypt
fission, and that DNA alterations, initiated in a group of
colonic crypts, may expand to adjacent crypts through crypt
fission. Cheng et al. suggested that following continuous
DNA mutations, the clonal expansion through crypt fission
and clonal succession could initiate the development of
inflammatory-associated high grade dysplasia (34). In
summary, unselected endoscopic biopsies from affected areas
in patients with UC and Crohn-colitis often exhibit crypts
with architectural distortions, mostly crypts in asymmetric
fission, but also in symmetric fission. The accruing of crypts
in symmetric fission in IBD might be the result of a
compensatory homeostatic mechanism of crypt production in
mucosal areas previously occupied by inflammatory cells.
However, crypts in asymmetric fission are pathological
aberrations of cryptogenesis, most probably generated by
unfolding somatic mutations. Whether there is any
relationship between crypts with asymmetric fission without
dysplasia in IBD and dysplastic crypts harboring committed
mutations in UC (35, 36) and Crohn colitis (37), remains to
be explored.
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