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Precisely distinguishing between hyperplastic and adenomatous polyps and normal human
colonic mucosa at the cellular level is of great medical signi¯cance. In this work, multiphoton laser
scanning microscopy (MPLSM) was used to obtain the high-contrast images and the morpho-
logical characteristics from normal colonic mucosa, hyperplastic polyps and tubular adenoma. By
integrating the length and area measurement tools and computing tool, we quanti¯ed the
di®erence of crypt morphology and the alteration of nuclei in normal and diseased human colonic
mucosa. Our results demonstrated that the morphology of crypts had an obvious tendency to
cystic dilatation or elongated in hyperplastic polyps and tubular adenoma. The content and
number of mucin droplets of the scattered goblet cells had a piecemeal reduction in hyperplastic
polyps and a large decrease in tubular adenoma. The nuclei of epithelial cells might be elongated
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and pseudostrati¯ed, but overt dysplasia was absent in hyperplastic polyps. Nevertheless, the
nuclei showed enlarged, crowded, strati¯ed and a rod-like structure, with loss of polarity in
tubular adenoma. These results suggest that MPLSM has the capacity to distinguish between
hyperplastic and adenomatous polyps and normal human colonic mucosa at the cellular level.

Keywords: Normal colonic mucosa; hyperplastic polyps; tubular adenoma.

1. Introduction

Colonic cancer is the fourth most common cancer
in men and the third most common cancer in
women worldwide.1 Most colonic cancer arise from
precursor adenomatous polyps, and there are
abundant data to support an adenoma carcinoma
sequence.2 Epithelial polyps of the colon have been
classi¯ed as non-neoplastic (e.g., hyperplastic
polyps) and neoplastic (adenomas).3 While tubular
adenomas — because of their cytological atypia —

were recognized as the precursor lesions for color-
ectal carcinoma, hyperplastic polyps were per-
ceived as harmless lesions without any potential for
malignant progression mainly because hyperplastic
polyps are missing cytological atypia.4 During the
development of adenomatous polyps, morphologi-
cal changes have been observed in the mucosal
layer. Probing the alterations in normal and dis-
eased tissues and performing real-time histology or
virtual biopsy for the diagnosis of colonic cancer is
of great medical signi¯cance. Although imaging
approaches such as chromoendoscopy, high resol-
ution and magni¯cation endoscopy, narrow band
imaging and auto-°uorescence imaging improve
the visualization and detection of mucosal lesions,
histologic examination of the targeted lesion
remains the gold standard for a de¯nitive diag-
nosis.5 Gastroenterologists still rely on the results
of histological diagnosis.6 However, it is question-
able that nonrepresentative biopsies may miss rel-
evant portions of tissue, leading to underestimation
of the diagnosis and a much higher risk for the
patients.7 Furthermore, with resection of benign
lesions or suspicious areas, the standard approach
results in a large proportion of unnecessary poly-
pectomies, which increases time, risk and cost of
colonoscopy with unnecessary follow-up.8 Hence,
today's challenge for new imaging technology is to
observe morphological and pathological character-
istics in normal and diseased tissues and perform
real-time histology or virtual biopsy in colonic
mucosal layer.

Recently, multiphoton laser scanning microscopy
(MPLSM) has shown the ability to investigate
unstained samples due to intrinsic sources of non-
linear signals.9,10 MPLSM has several notable ad-
vantages over traditional optical imaging technique,
such as label-free detection, low photodamage and
photobleaching.11–15 In this paper, we study nor-
mal, hyperplastic and adenomatous colonic mucosa
and focus on the alterations of crypt and epithelial
cell by using MPLSM based on second harmonic
generation (SHG) and two-photon excited °uor-
escence (TPEF).

2. Materials and Methods

MPLSM used in this study has been described
previously.16 The system is mainly an Axiovert 200
microscope (LSM 510 META, Zeiss) equipped with
a mode-locked femtosecond Ti:Sapphire laser
(110 fs, 76MHz), tunable from 700 to 980 nm (Mira
900-F, Coherent), and has been described in detail
in previous publications. The beam of the laser is
scanned in the focal plane by a galvanometer-driven
optical scanner (Zeiss). An acousto-optic modulator
was directed toward controlling the laser intensity
attenuation. We employed a Plan-Apochromat 63�
(numerical aperture NA ¼ 1:4) oil immersion
objective for focusing the excitation beam and for
collecting the backwards signals to obtain high-
resolution images. TPEF and SHG images were
achieved with 810 nm excitation at 2:56�s per
pixels in the two-channel mode, one channel (387–
419 nm) was to show SHG signal (green color-
coded) and another channel (430–698) was used to
collect TPEF signals (red color-coded). To obtain a
large-area image and record the focus position, we
used an optional HRZ 200 ¯ne-focusing stage (HRZ
200, Carl Zeiss) to translate the samples after x-y
scan of the samples and to record the focus position.
The average laser power at the specimen was
maintained at < 5mW, and no photobleaching was
observed at this low power level.
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A total of 13 colonic tissues specimens from the
A±liated Union Hospital of Fujian Medical Uni-
versity are examined in this study, three are diag-
nosed as normal, ¯ve with hyperplastic polyps and
¯ve with tubular adenoma. The ex vivo colonic
samples (normal tissue, hyperplastic polyps, tubular
adenoma) are obtained from patients undergoing
reconstructive surgical procedures. Each sample is
cut into 5�m thickness frozen section perpendicular
to the axial direction by the freezing microtome,
stored in a refrigerator (�86�C) and sandwiched
between the microscope slide and a piece of the
cover grass. To avoid dehydration and shrinkage
during the whole imaging process, the samples are
sprinkled with phosphate bu®ered saline (PBS)
solution (pH 7.4).

3. Results and Discussion

3.1. Normal colonic mucosa

MPLSM can provide cellular and subcellular micro-
structure imaging by excitation of tissue intrinsic
°uorescent molecules.17 In our work, TPEF signals
mainly originate from nicotinamide adenine dinu-
cleotide (NADH) and °avin adenine dinucleotide
(FAD) of cell. SHG signals originate from collagen
¯ber with noncentrosymmetric structure. MPLSM
images and the correspondingH&E lightmicroscopic
image of the normal colonic mucosa are shown in
Fig. 1. As can be seen, round-shape with uniform
distribution of mucous secreting glands or crypts are
observed in a single view. Lamina propria [blue arrow
in Fig. 1(a)] distinctly and symmetrically separates
individual crypts. In Fig. 1(b), the round or oval
lumen (white arrow) of the crypts appear as black
holes projecting onto the surface of the mucosa, and
each crypt is surrounded by a homogeneous layer of
epithelial cells. The mucin-containing goblet cells
(yellow arrow) and the columnar epithelial cells are
readily identi¯able, and black spots within the sur-
face of the colonic mucosa represent mucin in goblet
cells. Nuclei (pink arrow) of epithelial cells are
obtained by MPLSM, and seen along the basement
membrane. These results are con¯rmed by H&E
staining image of biopsy specimen in Fig. 1(d).

3.2. Hyperplastic polyps

Hyperplastic polyps are by far the most common
colorectal lesions and they occur most often in the

distal part of the colon and rectum.4 It is generally
believed to have no correlation with adenoma and
cancer development.18 MPLSM images and the
corresponding H&E light microscopic image of
hyperplastic polyps are shown in Fig. 2. In hyper-
plastic polyps, abnormal often enlarged crypts
(yellow arrow) with a tendency to cystic dilatation,
disorganized appearance and juvenile serration of
the epithelial lining can be seen. The space between
the crypts is enlarged and the lumens of the crypts
are arranged at irregular intervals [in Fig. 2(a)]. The
scattered goblet cells (white arrow) are reduced in
number and mucin droplets were inconspicuous.
The columnar cells with abundant eosinophilic
cytoplasm show irregular cell architecture. Small,
matted cells that appeared in the lamina propria are
considered to be in°ammatory cells in¯ltrating the
lamina propria. Nuclei of the epithelial cells may be
elongated and pseudostrati¯ed, and the arrange-
ment remains along the basement membrane, but
overt dysplasia is absent. The foregoing results are
correlated with H&E-stained image in Fig. 2(d).

3.3. Tubular adenoma

Tubular adenoma has a premalignant potential
with a high risk for progression to colorectal can-
cer.19,20 The high-contrast multiphoton images and
the corresponding H&E light microscopic image of
tubular adenoma are exhibited in Fig. 3. With the
lack of uniform architecture, the elongated luminal
opening of crypts (yellow arrow) are presented. The
columnar cells are ordered in a palisade manner.
Goblet cells expel their mucus and acquired further
reduction in the number. Mixed in°ammatory cells
(white arrow) in¯ltration is indicated in the lamina
propria. Special attention is paid to morphology of
nuclei. The tubular adenoma shows enlarged,
crowded and strati¯ed nuclei (pink arrow), with loss
of polarity and a rod-like structure. The foregoing
characteristics indicating neoplasia can be revealed
in multiphoton images that correspond well with
H&E-stained microscopic image [see Fig. 3(d)].

By integrating the length and area measurement
tools and computing tool, we quanti¯ed the di®er-
ence of crypt morphology and the alteration of
nuclei in normal colonic mucosa, hyperplastic polyps
and tubular adenoma. In detail, the circumference of
crypt and the area of nuclei in normal colonic
mucosa are 308:4� 22:6�m and 9:6� 1:8�m2

(n ¼ 30 areas of 3 biopsies), in hyperplastic polyps

Distinguishing Between Hyperplastic and Adenomatous Polyps and Normal Colonic Mucosa

1350056-3

J.
 I

nn
ov

. O
pt

. H
ea

lth
 S

ci
. 2

01
4.

07
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 1

03
.2

40
.1

26
.9

 o
n 

10
/2

1/
18

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



(a) (b)

(c) (d)

Fig. 1. Normal colonic mucosa. (a) SHG image (green color-coded); (b) TPEF image (red color-coded); (c) Overlay SHG/TPEF
image; (d) The corresponding H&E-stained image. White arrow: crypt lumen; yellow arrow: goblet cell; pink arrow: nucleus; blue
arrow: lamina propria.

(a) (b)

Fig. 2. Hyperplastic polyps. (a) SHG image (green color-coded); (b) TPEF image (red color-coded); (c) Overlay SHG/TPEF
image; (d) The corresponding H&E-stained image. Yellow arrow: cystic dilatation of crypts lumen; white arrow: decrescent mucin
droplets.
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are 487:5� 43:4�m and 20:6� 8:7�m2 (n ¼ 50
areas of 5 biopsies), and in tubular adenoma are
669:7� 83:8�m and 44:7� 14:2�m2 (n ¼ 50 areas
of 5 biopsies). The results suggest that the

circumference of crypt and the area of nuclei in
di®erent colonic mucosa can serve as intrinsic indi-
cators for determining normal, hyperplastic and
adenomatous colonic mucosa.

(a) (b)

(c) (d)

Fig. 3. Tubular adenoma. (a) SHG image (green color-coded); (b) TPEF image (red color-coded); (c) Overlay SHG/TPEF image;
(d) The corresponding H&E-stained image. Yellow arrow: elongated luminal opening; pink arrow: rod-like structure and strati¯ed
nuclei; white arrow: in°ammatory cells.

(c) (d)

Fig. 2. (Continued)
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4. Conclusion

In this study, we employed MPLSM to obtain the
di®erence in morphology of crypts, the alterations of
epithelial cells and the shape and distribution of
nuclei of normal colonic mucosa, hyperplastic
polyps and tubular adenoma. The ¯ndings demon-
strate that MPLSM can detect and identify the
di®erent colonic mucosa at the cellular level, also
suggest that the circumference of crypts and the
area of nuclei can serve as intrinsic indicators for
determining normal, hyperplastic and adenomatous
colonic mucosa. With the application of ¯ber optics
in microscopy and the advancement of the multi-
photon-based endoscopic techniques, MPLSM will
therefore allow us to perform real-time in vivo
identi¯cation of normal, hyperplastic and adeno-
matous colonic mucosa at the cellular level.21,22
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