
Abstract. Background: Recently, we found crypts with
asymmetric fission bordering ulcers in colectomy specimens
from patients with ulcerative colitis (UC). Here, we report
crypts with asymmetric fission found in biopsies from
patients with UC. Patients and Methods: Sections from
endoscopic biopsies from five patients with UC were
reviewed. The number of transected (cut-across) crypts in
symmetric and asymmetric fission was assessed in sections
from three biopsies in each patient. Results: A total of 89
crypts in fission were recorded in the 15 biopsies; 36
(40.4%) were in symmetric fission and the remaining 53
(59.6%) in asymmetric fission. Conclusion: A high frequency
of asymmetric crypts in fission was demonstrated in
endoscopic biopsies from patients with UC. It is suggested
that this previously unaddressed histological parameter is
included in pathological descriptions of endoscopic biopsies
from patients with UC.

The mucosa of the normal colon is histologically built of
close mucosal invaginations or crypts, arranged
perpendicular to the surface epithelium and to the muscularis
mucosae (1, 2). The building of new crypts is accomplished
by crypt bifurcations, known as symmetric fissions;
beginning at the base of the normal crypts, fission progresses
upwards until two identical crypts are finally formed (3).
Notably, crypt fission in the normal colon mucosa rarely
occurs during adult life (1, 2). 

In 1972, Morson found crypt budding and crypt
branching in rectal biopsies from patients with ulcerative
colitis (UC) in remission (4). In 1984, we analyzed rectal
biopsies from 61 patients with UC in remission (5).
Biopsies having transversally cut glands exhibited lateral
crypt buddings and dichotomy crypts. Dichotomy of the
glands was easily recognized at the point of bifurcation; it
was called the back-to-back sign, a visual metaphore for
crypts in fission (5).
More recently, Tan et al. found that about 90% of

dissected single colonic crypts from C57BL/6 mice
replicated by ‘buds’ growing near the bottom in individual
crypts; this phenomenon was called asymmetric bud fission
(6). On the other hand, Bomman and Fields claimed that
only dysplastic-adenomatous colonic crypts develop
buddings and bifurcations (7). 
In previous work, in sections from three colectomies with

UC, we found that 43% of the crypts with corrupted shapes
bordering ulcers exhibited asymmetric fission (8). In a more
recent review of sections from seven colectomy specimens
with UC, we found that out of 3,586 crypts in fission, 82%
were in asymmetric fission and only 18% in symmetric
fission (9). The conclusion was that asymmetrical crypt
fission is a common finding in colectomy specimens from
patients with active UC. 
The purpose of this communication is to report and

illustrate recent observations revealing that crypts with
asymmetric fission are also found in routine biopsies from
patients with active UC.

Patients and Methods

Three endoscopic biopsies from the left colon were investigated in
each of three patients with UC. Hematoxylin and eosin (H&E)-
stained sections were scrutinized, and searched for crypts with
symmetric and with asymmetric fission. 
Most sections from endoscopic biopsies often show transected

(cut-across) crypts. Therefore, for comparative purposes, the
counting was performed on transected crypts.
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Definitions. Crypts without fission: The majority of crypts are not
in fission; they appear as “rings” separated from each other by
lamina propria (Figure 1A). 
Crypts with symmetric fission: Two back-to-back identical

crypts, separated by an epithelial rim. 
Crypts with asymmetric fission: Two or more back-to-back crypts

with asymmetric fission, separated by an epithelial rim. 
The number of transected (cut-across) crypts with symmetric and

asymmetric fission was assessed in sections from three biopsies.
Counting was carried out using a standard Nikon light microscope
(Nikon, Surbiton, UK), carrying ×10 ocular lenses and a ×10 Plan
Apo objective (aperture 0.45). 
The Regional Ethical Review Board in Stockholm approved this

study (EPM dnr 2020-01634).

Results
The results summarized in Table I show that a total of 89
crypts in fission were recorded in the 15 biopsies; 36
(40.4%) were in symmetric fission (Figure 1B) and the
remaining 53 (59.6%) in asymmetric fission (Figure 1C-F). 
The mean number of symmetric crypts per biopsy was 7.2

(range=1-4), and the mean number of asymmetric crypts in
fission per biopsy was 10.6 (range=1-6). 

Discussion 

In this preliminary report, we showed that crypts with
symmetric and with asymmetric fission do occur in

endoscopic biopsies from patients with UC. Importantly,
60% of the crypts in fission were asymmetric. 
One pertinent question is which molecular signals

choreograph normal crypt fission? WNT signaling regulates
key events during embryonic patterning and morphogenesis
(10). In colonic crypts, WNT signaling controls cell
proliferation, differentiation and apoptosis. WNT
concentration is high at the crypt bottom (where stem cells
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Table I. The number of asymmetrical and symmetrical crypt fission in
three endoscopic biopsies/case in five patients with ulcerative colitis.

                                                          Number of crypts with fission

Case                                      Symmetric         Asymmetric           Total

1         Total                                   7                         11                     18
          Mean (range)               2.3 (2-3)             3.7 (2-5)           6.0 (3-8)
2         Total                                   9                         13                     22
          Mean (range)               3.0 (2-4)             4.3 (2-6)           7.3 (2-6)
3         Total                                   8                         12                     20
          Mean (range)               2.7 (2-4)             4.0 (2-6)           6.7 (2-6)
4         Total                                   7                         10                     17
          Mean (range)               2.3 (2-3)             3.3 (2-5)           5.7 (2-5)
5         Total                                   5                          7                      12
          Mean (range)               1.7 (1-2)             2.3 (1-4)           4.0 (1-4)
All      Total                                  36                        53                     89
          Mean (range)               7.2 (1-4)            10.6 (1-6)         17.8 (1-8)

Figure 1. Colonic crypts found in endoscopic biopsies in patients with protracted-active ulcerative colitis stained with hematoxylin and eosin
(original magnification). A: Two normal crypts separated by a rim of lamina propria (×20). B: Crypt in symmetric fission separated by epithelial
rim (×10). C: Crypt in asymmetric fission separated by epithelial rim (×20). D: Crypt in trefoil asymmetric fission (×10). E: Another crypt in trefoil
asymmetric fission (×10). F: Crypt in trefoil asymmetric fission showing extreme asymmetry (×10).



reside), and low at the top of the crypt. In contrast, the
concentration of adenomatous polyposis coli (APC) is low
at the crypt bottom and high at the top (where differentiated
cells reside) (3, 7). WNT signaling has been linked to crypt
fission in infant rats, and is required for the production of
colonic crypts in mice in vitro (3). Thus, normal crypt fission
is triggered by WNT signaling.
Another pertinent question is which molecular signals

orchestrate the formation of asymmetric crypts in UC?
Thirty-six years ago, we reported the presence of crypt
dichotomy at the point of crypt bifurcation (i.e. fission) in
biopsies from patients with UC in remission; we named it
the back-to-back sign (5). 
In 1998, Wasan et al. micro-dissected individual crypts

from patients with familial adenomatous polyposis (FAP) (3).
Single crypts with small epithelial buds, termed asymmetrical
bud fission, were more frequently seen in patients with FAP
than in controls. Years later, Tan et al. isolated crypts from the
colon in C57BL/6 mice; they found that about 90% of the
crypts near the bottom had asymmetrical buds (6). In contrast,
Bomman and Fields claimed that colonic crypts developed
buddings and bifurcations only after they became dysplastic,
i.e. during the formation of adenomas (7). Jagan et al. found
that the formation of normal colorectal crypts was regulated
by phosphatase and tensin homolog deleted on chromosome,
a protein encoded by the PTEN gene (11). Subsequently,
Georgescu et al. found that NHERF1 protein, a Na+/H+
exchanger regulatory factor, controls human colonic gland
morphogenesis (12). From the above, it is not inconceivable
that the development of crypts with asymmetric fission in
patients with UC might be conveyed via mutations of the
WNT signaling, and/or by mutations of NHERF1 or PTEN
signaling. 
More research is necessary to ascertain whether putative

mutated asymmetric crypt fissions have any bearing on the
predisposition of colonic crypts to develop epithelial
dysplasia in patients with UC (13). It is suggested that this
previously unaddressed histological parameter is included in
pathological descriptions of biopsies from patients with UC.
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