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Abstract: Purpose: To examine whether segmental colorectal lavage cytology (CRLC) during surveillance colonos-
copy was useful for detecting dysplastic and cancer cells in ulcerative colitis (UC) patients. Methods: We examined 
whether CRLC can detect dysplastic and cancer cells in total colectomy materials of 39 UC patients. After washing 
the luminal surface of dissected colorectal tissues with saline, the fluid was collected. We also examined whether 
segmental CRLC during surveillance colonoscopy can detect dysplastic and cancer cells in 45 UC patients. Fluid 
was collected after washing segmental colorectum including the suspicious region. Cytological specimens were 
stained with Papanicolaou and immunocytochemically stained with anti-p53 antibody. Results: Although cancer and 
dysplastic cells were found by CRLC in 9 and 4 UC patients receiving total colectomy respectively, histology revealed 
9 cancer lesions but only 2 dysplastic foci. In segmental CRLC, cancer cells were detected in 2 UC patients and 
dysplastic cells in 4 UC patients. Biopsy revealed 2 cases with colon cancer lesions but only 2 cases with dysplastic 
foci. Conclusions: Segmental CRLC is a less-invasive and effective method in detecting dysplastic and cancer cells in 
UC patients during surveillance colonoscopy. It could be used as a complementary method for colonoscopy-directed 
biopsy. 
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Introduction

The increased risk for development of colorec-
tal cancer is well documented in patients with 
chronic ulcerative colitis (UC). The risk of the 
colon cancer seems to be related directly to the 
duration of the colitis and the extent of the 
colonic involvement. The detection of dysplas-
tic and early cancer lesions is extremely impor-
tant for curative treatment of such neoplastic 
lesions in long-standing and extensive UC 
patients [1-4].

Since colonoscopy devices were poor in opera-
bility and resolution until 1980’s, colonoscopy-
directed biopsy was not usually applicable to 
the detection of colorectal cancer at that time. 
Therefore, colorectal lavage cytology (CRLC) 
was tried to detect colorectal cancers not only 
in non-UC patients but also in UC patients until 

the 1980’s [2-11]. However, colonoscopy-direc- 
ted biopsy became a major diagnostic method 
for detecting colorectal cancers, as devices of 
colonoscopy were improved. Consequently, CR- 
LC has scarcely been applicable to detection  
of colorectal cancers lately. 

Although colonoscopy and colonoscopy-direct-
ed biopsy are extremely useful for detection of 
usual colorectal cancers, they have some limi-
tations in case of UC-associated colorectal can-
cers. For example, widespread inflammation in 
UC patients can obscure the colonoscopist’s 
view from suspicious lesions. Moreover, endo-
scopic inspection of the mucosa may not reveal 
the flat infiltrating carcinoma that often occurs 
in UC patients. Even multiple biopsies could  
not cover dysplastic and cancer foci with pat- 
chy distribution. Consequently, many early and 
even advanced neoplastic lesions may escape 
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detection in the present routine methods, and 
in fact we sometimes experience far advanced 
colon cancers in UC patients in spite of perio- 
dic examination by colonoscopy. Thus, alterna-
tive or complementary methods are consider- 
ed necessary for surveillance of UC patients. 
CRLC could take specimens from a wide sur-
face and with minimal trauma to the patients, 
in contrast to colonoscopy-directed multiple 
biopsies. 

In the present study, therefore, we developed  
a method of segmental CRLC and evaluated 
the usefulness of the method for surveillance 
of detecting dysplastic and cancer cells in UC 
patients. Preliminary, we examined whether 
CRLC could detect cancer cells in partially re- 
sected colorectal tissues of ordinary cancer 
patients without UC, and whether CRLC could 
detect dysplastic and cancer cells in resected 
whole colorectal tissues of uncontrolled UC 
patients. Finally, we examined whether seg-
mental CRLC could be utilized for detection of 
dysplastic and cancer cells during surveillance 
colonoscopy for UC patients.

Materials and methods

Patients

Five colon cancer patients without UC who 
underwent partial colorectal resection, 39 UC 
patients who received total colorectal resec-
tion, and 45 UC patients who received sur- 
veillance colonoscopy were included in the pre- 
sent study. In UC patients, the diagnosis of the 
disease was established at two to thirty years 
before operation or surveillance colonoscopy. 

Methods of lavage and collection of fluids

In 5 colon cancer patients without UC, 500 ml 
of saline was rapidly infused through the funnel 
from one end of the resected lumen after liga-
tion of the other end. Similarly in 39 patients 
with long-standing and extensive UC, 500 ml of 
saline was rapidly infused through the funnel 
from the ileocecal portion of totally resected 
colorectum after ligation of the rectal portion. 
The resected segments were rotated to allow 
the fluid to run across the entire canal, until the 
whole mucosa was constantly irrigated with the 
saline. The fluid was then allowed to run out 
and collected in the bottle. On the other hand, 
segmental colorectal lavage was done before 

taking biopsy samples by spraying 20 ml of the 
saline on the suspicious mucosa during sur- 
veillance colonoscopy in 45 UC patients. The 
fluid was collected through the colonoscope 
using a bronchoalveolar lavage device.

Collection of cells and detection of atypical 
cells

Centrifugation of the retrieved colorectal lavage 
fluids was performed at 1500 rpm for 15 min-
utes to collect the cells. The deposits were 
smeared on glass slides, fixed with ethanol  
and stained with Papanicolaou, PAS, and Al- 
cian-blue methods. Immunocytochemical sta- 
ining with monoclonal antibody against p53 
(BP53-12-1, dilution 1:6, BioGenex, CA, USA) 
was also performed. The cytological specimens 
were investigated under the microscope.

Histological examination

After lavage, dissected colorectal tissues we- 
re fixed with formalin. In non-UC patients with 
colon cancer, the representative specimens 
were cut from the tissues. In UC patients recei- 
ving resection of the total colorectum, the 
whole tissues were cut at 3.0 to 5.0 mm inter-
vals. Seventy two to 139 pieces were made in 
each case. In UC patients receiving segmental 
colorectal lavage, biopsy specimens were ob- 
tained after lavage and fixed in formalin. All  
the fixed tissues were embedded in paraffin, 
cut 3 micrometers thick, and stained with 
hematoxylin and eosin. 

Results

CRLC in colorectal cancer patients without UC

In colorectal cancers without UC, the CRLC pro-
cedure was sufficient to collect evaluable cells. 
Several types of cells including normal epitheli-
al cells and inflammatory cells were identified, 
and we could detect cancer cells in all 5 
patients (Table 1). The cancer cells appeared 
as individually scattered cells or loosely cohe-
sive clusters (Figure 1A). The clusters often 
showed small, three-dimensional structure and 
irregularly frayed borders. They had large round 
nuclei showing hyperchromasia and prominent 
nucleoli. A necrotic background was often not- 
ed. Immunocytochemical staining showed that 
the cancer cells were strongly positive for p53 
(Figure 1B). Histologically, all cases were well to 
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moderately differentiated adenocarcinomas 
(Figure 1C).

CRLC in UC patients undergoing total colec-
tomy 

CRLC in totally resected colorectums of 39 
patients with long-standing UC was also satis-
factory for cell collection and preservation. It 
revealed that large numbers of polymorphonu-
clear leukocytes, lymphocytes, macrophages 
and erythrocytes were intermingled. Twenty-six 
cases were negative for dysplastic and cancer 
cells. Four cases had dysplastic cells and 9 

were positive for cancer cells (Table 1). The dys-
plastic cells appeared as cohesive sheets or 
small clusters (Figure 2A). Their cytoplasm was 
often abundant. The nuclei were enlarged and 
pale in some cases and slightly hyperchromatic 
in others. They also showed irregular borders 
but little variation in size. The nuclear chroma-
tin was often dispersed, coarse, and con-
densed. Compared to the dysplastic cells, the 
cancer cells were usually more abundant and 
easily recognized. They were observed as sin-
gle cells or loosely cohesive small clusters 
(Figure 3A). Nuclear variation in size, irregular- 
ly thickened nuclear membranes, chromatin 

Figure 1. Cancer cells detected by CRLC in a colorectal cancer patient without UC. A. Clusters of cancer cells have 
enlarged and hyperchromatic nuclei. Papanicolaou staining, ×400. B. Immunocytochemically, cancer cells are posi-
tive for p53. p53 immunostaining, ×400. C. Histology shows moderately differentiated tubular adenocarcinoma. 
H&E staining, ×200.

Table 1. Results of CRLC and histological examination

UC or Non UC Sample
No. of 
cases

CRLC Histology
No. of  

cases with 
No. of  

cases with
No. of  

cases with
No. of  

cases with
examined dysplastic cells (%) cancer cells (%) dysplasia (%) cancer (%)

Non UC partially resected colorectum 5 0 (0%) 5 (100%) 0 (0%) 5 (100%)

UC totally resected colorectum 39 4 (10%) 9 (23%) 2 (5%) 9 (23%)

UC segmental CRLC or biopsy specimens 45 4 (8.9%) 2 (4.4%) 2 (4.4%) 2 (4.4%)

Figure 2. Dysplastic cells detected by CRLC in a UC patient receiving total colectomy. A. The smear shows cell clus-
ters with nuclear enlargement, anisokaryosis, and irregular nuclear membrane. Papanicolaou staining, ×400. B. 
Dysplastic cells have positive staining for p53. p53 immunostaining, ×400. C. Resected tissue shows histology of 
low-grade dysplasia. H&E staining, ×200.
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clumping, and eosinophilic macronucleoli were 
observed. Thus, the harvested cells showed 
the characteristics of well to moderately differ-
entiated adenocarcinoma. When both dysplas-
tic and cancer cells collected by CRLC we- 
re examined immunocytochemically, all cases 
were positive for p53 (Figures 2B and 3B). In  
all 9 patients proven to have cancer cells by 
CRLC, histological examination revealed well  
to moderately differentiated adenocarcinoma 
in the colorectum (Figure 3C and Table 1). 
Dysplastic lesions were histologically recog-
nized in 2 patients (Figure 2C and Table 1). 
Therefore, in 2 patients dysplastic cells were 
detected only by CRLC (Table 1). 

Segmental CRLC during colonoscopy in UC 
patients

The segmental CRLC performed during surveil-
lance colonoscopy in 45 patients with long-
standing UC was also satisfactory to collect  
and preserve various types of cells including 
many polymorphonuclear leukocytes. The spe- 
cimens of 39 patients were negative for dys-

plastic or cancer cells, but we could detect 
those cells in 6 cases (Table 1). Four cases 
were classified as having dysplastic cells (Fi- 
gure 4A), and 2 were positive for cancer cells 
(Figure 5A and Table 1). Cytologic features of 
dysplastic cells and cancer cells observed we- 
re similar to those in CRLC specimens of UC 
patients receiving total colectomy. Immunocy- 
tochemistry of p53 showed positive reaction in 
both cell types (Figures 4B and 5B). Histolo- 
gic examination of biopsy specimens revealed 
that 2 cases had cancer lesions of moderately 
differentiated adenocarcinoma (Figure 5C) and 
2 cases had dysplastic foci (Figure 4C and 
Table 1). In 2 cases, therefore, dysplastic cells 
were not detected by histologic examination 
(Table 1). 

Discussion

Patients with long-standing and extensive UC 
have a high risk for developing neoplastic ch- 
anges such as dysplasia and cancer [12, 13]. 

However, macroscopic detection of the foci is 
difficult because of both UC-associated inflam-

Figure 3. Cancer cells detected by CRLC in a UC patient receiving total colectomy. A. Nuclear hyperchromasia is 
prominent in cancer cell clusters. Papanicolaou staining, ×400. B. Immunocytologically, positive staining for p53 is 
observed. p53 immunostaining, ×400. C. Histological examination reveals well differentiated tubular adenocarci-
noma. H&E staining, ×200.

Figure 4. Dysplastic cells detected by segmental CRLC during surveillance colonoscopy in a UC patient. A. Cell 
clusters show nuclear enlargement, anisokaryosis, nuclear pleomorphism, and irregular nuclear membrane. Papa-
nicolaou staining, ×400. B. Dysplastic cells show positive staining for p53. p53 immunostaining, ×400. C. Biopsy 
specimen includes glands showing low-grade dysplasia. H&E staining, ×200.
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matory change masking the lesions and multi-
plicity of the lesions [14-16]. Even in cancer 
lesions, foci are not easy to detect by endosco-
py since macroscopic findings are often quite 
different from those in ordinary colorectal can-
cers without UC. Thus, colonoscopy-directed 
biopsy, the common diagnostic method of ordi-
nary colon cancers, is not sufficient for surveil-
lance of UC-associated neoplastic lesions. 
Alternative or complementary techniques are 
necessary for detection of such lesions. In the 
present study, we developed the method of 
segmental CRLC during surveillance colonos-
copy and evaluated whether the method could 
detect dysplastic and cancer cells in UC pati- 
ents. 

In partially resected colorectum of non-UC pa- 
tients with colorectal cancer, CRLC could de- 
tect cancer cells in all 5 cases examined. The 
successful result indicated that CRLC could be 
an appropriate method for detection of neo-
plastic lesions. Moreover, we could detect  
dysplastic and cancer cells by CRLC in totally 
resected colorectum of UC patients in spite of 
associated severe inflammatory change. The 
result suggested that segmental CRLC might 
be used to detect such cells in surveillance of 
UC patients. In fact, colonoscopy-directed seg-
mental CRLC could detect dysplastic and can-
cer cells in UC patients during surveillance 
colonoscopy.

In the present study, we could similarly detect 
cancer cells or cancer lesions not only by histo-
logical examination but also CRLC in non-UC 
colon cancer patients and UC patients. On the 
other hand, the number of cases with dysplas-
tic cells detected by CRLC was larger than that 
of cases with dysplastic foci detected by histo-

logical examination in UC patients. We specu-
late that this result might be due to successful 
cell collection from a wide surface area includ-
ing the suspicious lesion in CRLC. Histological 
examination might only reflect the result of pin-
point samples even if multiple biopsies are 
done. 

Differential diagnosis among regenerative atyp-
ia, UC-associated dysplasia, and cancer by his-
tological examination is often difficult since his-
tological findings of UC-associated neoplastic 
lesions are rather different from those of ordi-
nary neoplastic lesions. For example, UC-asso- 
ciated neoplastic lesions often do not show 
densely packed atypical glands as observed in 
ordinary neoplastic lesions. Although cytologi-
cal examination also may have difficulty in dis-
tinction among regenerative atypical cells, UC- 
associated dysplastic cells, and cancer cells, 
we consider that the increased opportunities to 
examine those cells make it possible for us to 
distinguish those cells because pure cytologi-
cal assessment might be more amenable to 
differentiate those cells than histological as- 
sessment.

In summary, the colonoscopy-directed segmen-
tal CRLC is a simple, less-invasive and useful 
method to detect early neoplastic lesions in UC 
patients. The method could be used as a com-
plementary technique for colonoscopy-directed 
biopsies.
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Figure 5. Cancer cells detected by segmental CRLC during surveillance colonoscopy in a UC patient. A. Cytological 
specimen shows cell clusters with nuclear enlargement and condensed chromatin, indicating cancer cells. Papani-
colaou staining, ×400. B. Positive staining for p53 is observed in cancer cells. p53 immunostaining, ×400. C. Biopsy 
sample shows histology of moderately differentiated tubular adenocarcinoma. H&E staining, ×200.
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