










autofluorescence, were seen to be larger than those of normal
epithelial cells, a common hallmark of dysplasia (increased
nuclear to cytoplasmic ratio).1 Furthermore, a reduction in
mucous vacuoles was seen in most of the dysplastic cells
studied, which is also another feature of dysplastic transfor-
mation in the colon.1 In general, two different sizes of round
fluorescent granules were seen, tightly packed in the apical
region: , 0.5–1 mm granules similar to those found in
normal epithelial cells, and fewer numbers of , 2–3 mm
granules present only in the dysplastic cells. These granules
were seen in all the dysplastic cells studied by CFM.

Rhodamine 123 staining
Figure 2A shows a magnified view of the distribution of
autofluorescent granules in normal epithelial cells. This
image was contrast (6 11) and brightness (6 11) enhanced
in both the green and red fluorescent channels because the
autofluorescence is intrinsically weak. The non-fluorescent
nuclei are apparent, as are the non-fluorescent mucous
vacuoles towards the apical end. Figure 2B shows normal
epithelial cells stained with rhodamine 123, and demon-
strates the dense perinuclear distribution of the mitochon-
dria, and reduced density near the vacuoles at the apical
ends. This distribution generally correlated well with the
autofluorescence patterns, indicating that mitochondria
were, in part (see LysoTracker staining), responsible for the
(weak) autofluorescence of the normal cells.

Figure 2C shows an example of autofluorescence from a
single dysplastic epithelial cell. The source of the thin band of
bright red fluorescence at the apical region of the cell is
unknown, but was seen in 50–70% of these cells. We
hypothesise that this is caused by endogenous bacteria
containing porphyrins that may not have been removed
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Figure 5 Autofluorescence micrograph of isolated living (A) normal colonic crypt and (B) dysplastic crypt. Note the intensely fluorescent granules at
the base of the normal crypt (arrow). (C) A magnified view of these granules is shown overlapped on to the transmission image. (D) A normal crypt
base stained with Schmorl indicating endocrine cells (arrow).
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Figure 6 Autofluorescent micrograph of an isolated hyperplastic crypt.
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during the cell isolation procedure.37 The non-fluorescent
nucleus is seen close to the base. Many of the large and
highly yellow/orange/red fluorescent granules are visible in
the cytoplasm, together with homogeneously distributed
small, weakly green fluorescing granules. Figure 2D shows
an example of a rhodamine 123 stained dysplastic epithelial
cell, and demonstrates the colocalisation of the mitochondria
and the green fluorescent granules.

LysoTracker staining
Figure 3A shows the weakly positive staining of lysosomes in
normal epithelial cells using LysoTracker green. This staining
reveals a diffuse distribution of lysosomes in the cytoplasm,
which may also contribute to the autofluorescence pattern
seen in the cytoplasm of these cells.
Figure 3B and C shows isolated dysplastic crypts and

individual dysplastic epithelial cells, respectively, stained
with LysoTracker green. The apical portions of the crypts are
heavily stained by LysoTracker green. The individual cells
show several lysosomes in the cytoplasm. Compared with
normal epithelial cells, dysplastic crypts and cells were found
to contain large numbers of individual lysosomes and
lysosomal aggregates.

Mitochondrial uncoupling
The mitochondrial uncoupler CCCP was used to provide an
additional check on the mitochondrial source of the
intracellular fluorescent granules. CCCP uncouples the
electron transport chain, resulting in an accumulation of
fluorescent FAD. As illustrated in fig 4, after 10 minutes of
exposure, CCCP increased the autofluorescence intensity of
all the cytoplasmic granules. Comparison with the known
FAD fluorescence emission (500–580 nm) characteristics at
488 nm excitation38 indicated that mitochondrial FAD is
partially responsible for the green (505–550 nm) autofluor-
escence seen in the cytoplasm of normal and dysplastic
epithelia.

Autofluorescence of isolated whole crypts
Figure 5A shows the red and green autofluorescence of
normal crypts. The signal was relatively weak, but images of
reasonable signal to noise ratio could be obtained by

increasing the diameter of the confocal pinhole. The top
third of the crypt was more fluorescent (for both green and
red) than the middle, whereas the crypt base had the highest
intensity. The band of nuclei located basally within the
epithelial cells was non-fluorescent. A few brightly auto-
fluorescent cells were scattered near the basal side along the
length of the crypts and, particularly, near the base
(magnified in fig 5C). The use of the term ‘‘basal’’ refers to
any region closest to the basement membrane, whereas the
term ‘‘base’’ refers to the bottom end of isolated crypts.
Schmorl staining (fig 5D) was used to confirm that these
were endocrine cells, which are known to reside at the base of
normal crypts.1 This feature was seen in all isolated normal
crypts examined (n = 35).
Figure 5B shows the autofluorescence micrograph of a

dysplastic crypt. In general, the use of collagenase to isolate
dysplastic crypts had limited success, partly because of their
fragility during processing, as also found by Araki and
Ogata.39 However, some fluorescence images were captured
before the crypts disintegrated. Most isolated dysplastic
crypts were visualised as elongated fan-like structures, with
several protuberances and a few short branchings. Some
heterogeneity was seen in the autofluorescence emission
characteristics along the height of single dysplastic crypts,
such that some segments of the dysplastic crypts were more
fluorescent than others. The reason for this is unknown. A
large number of small bright red fluorescent granules were
also found in the apical region along the length of the crypts.
Bright yellow fluorescent structures (arrow in fig 5B) were
seen within the lumen of some dysplastic crypts but were
unidentifiable by CFM alone. It is thought that these are
autofluorescent luminal contents (such as faecal bacteria)
remaining after isolation of some crypts, although this needs
to be studied further.
Figure 6 shows the autofluorescence micrograph of an

isolated hyperplastic crypt. In general, the green and red
autofluorescence intensities of these were higher along the
basal side and length compared with normal crypts. This
finding was inconsistent with previous ex vivo observations
using CFM to characterise the autofluorescence of frozen
tissue sections of hyperplastic mucosa, in which the auto-
fluorescence of these crypts was weak, similar to normal

Figure 7 Transmission electron microscopy micrographs of (A) a normal colonic crypt (scale bar, 2 mm) and (B) a dysplastic crypt (scale bar, 5 mm).
The inset (C) shows a magnified view of the pigmented structures in the apical region of the dysplastic crypt, identified as ‘‘lipofuscin-like’’ material
(scale bar, 1 mm).
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crypts. The reason for this difference is not clear. The
development of hyperplastic polyps is accompanied by an
increase in the collagen content of the basal membrane and
the surrounding subepithelial collagen sheath,40 but this is
unlikely to be the explanation for this increase in fluores-
cence because the collagenase used to isolate the crypts
separates the epithelial cells from the basement membranes.
It may be caused by an increase in cellular metabolic activity,
associated with hyperproliferation, a known characteristic of
hyperplastic polyps.41 42 The observations of cellular auto-
fluorescence in isolated living normal and dysplastic colonic
epithelial cells were consistent with those previously noted in
ex vivo tissue studies using CFM to characterise the
autofluorescence of frozen tissue sections (RS DaCosta.
MSc Thesis, 2000).5 For example, similar to ex vivo tissues,
cultured normal epithelial cells showed weak green auto-
fluorescence, whereas cultured dysplastic epithelial cells
contained highly orange/red fluorescent intracellular ‘‘gran-
ules’’ (RS DaCosta. MSc Thesis, 2000).

TEM of normal and dysplastic epithelial cells
The distribution of the autofluorescent granules seen in
normal epithelial cells was compared with TEM of normal
colon mucosa (fig 7A). The size and distribution of these
granules were consistent with those of mitochondria and
lysosomes. In particular, the fluorescent granules in the basal
region corresponded to the location of mitochondria in the
TEM images. A similar autofluorescence pattern was seen in
hyperplastic epithelial cells (data not shown). Moderately
electron dense granules were seen in the same apical
locations of dysplastic epithelial cells by TEM (fig 7B, C).
Based upon previous studies of autofluorescence and TEM,
these structures are probably lipofuscin, a lipid peroxidation
byproduct.43–46 The TEM results were consistent for all normal
and dysplastic samples studied.

CONCLUSIONS
We have described a novel biological model that allows the
autofluorescence characterisation of isolated ‘‘living’’ colonic
normal and dysplastic crypts and epithelial cells, which more
accurately reflects autofluorescence measured in vivo. All
normal epithelial cells had weak autofluorescence, originat-
ing from mitochondria (for example, FAD autofluorescence)
and diffusely distributed lysosomes. Epithelial cells from
hyperplastic polyps were similar in autofluorescence intensity
to normal cells. Dysplastic epithelial cells had an overall

increased red autofluorescence intensity compared with
normal and hyperplastic cells. A significant increase in
orange/red fluorescence (lem . 585 nm) was seen in the
apical regions of the dysplastic cells relative to green
fluorescence (lem = 505–550 nm), as a result of the
presence of large numbers of highly autofluorescent granules,
which were shown to be lysosomes. The green fluorescence in
dysplastic cells is attributed to mitochondria (FAD autofluor-
escence).
Normal colonic crypts were weakly fluorescent except for

several bright yellow/orange endocrine cells concentrated at
the crypt base and scattered sparsely along the crypt height.
Dysplastic crypts showed increased red fluorescence generally
along the central core of the crypt, corresponding to the
presence of red fluorescent granules in the apical regions of
the epithelium (lysosomes). The brightly fluorescent endo-
crine cells were seen only for some dysplastic crypts, and
generally not at the crypt base. Hence, as normal colonic
crypts become dysplastic, changes in mitochondrial and
lysosomal composition, and the presence of endocrine cells,
contribute to changes in autofluorescence intensity and
spectral features.

‘‘Dysplastic epithelial cells had an overall increased red
autofluorescence intensity compared with normal and
hyperplastic cells’’

We have characterised autofluorescence at the single cell
level, although the isolation and CFM imaging of individual
cultured epithelial cells were technically challenging and
time consuming. However, recent technological advances in
microfluidic devices may offer a means to perform high
throughput, live cell sorting without the need for cell specific
fluorescent labelling dyes, thereby reducing the sample
preparation time.47 Such microfluidic devices may have
applications in sorting normal and cancerous cells based on
their autofluorescence features (cytopathology), and may
exploit autofluorescence as a means of studying the effects of
various pharmacological agents at the single cell level.
In vivo fluorescence techniques (imaging or point spectro-

scopy) collect fluorescence from the full colon thickness.
However, our results suggest that measuring epithelial or
mucosal autofluorescence alone may be sufficient, and
potentially more accurate, for the detection of preneoplastic
lesions. Hence, future modification of fluorescence endoscopy
devices may incorporate some means (such as confocal
detection)48 49 to sample only the superficial mucosal surface
where, for example, the presence of bright autofluorescent
‘‘lysosomal granules’’ may serve as a useful ‘‘dysplasia
specific’’ biomarker.
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Take home messages

N We used short term primary cell cultures from
endoscopic biopsies to investigate autofluorescence at
the glandular (crypt) and cellular levels

N The differences between normal, hyperplastic, and
adenomatous epithelial cells were attributable in part
to differences in the intrinsic numbers of mitochondria
and lysosomes

N The detection of colonic epithelial fluorescence alone
might be sufficient to differentiate benign (hyperplastic)
from preneoplastic and neoplastic (adenomatous)
colonic intramucosal lesions during in vivo fluorescence
endoscopy

N Importantly, highly orange/red autofluorescent intra-
cellular granules found only in dysplastic epithelial cells
may serve as a potential biomarker
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