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1. Introduction

Qualitative studies allow both healthcare professionals 
and researchers to gain insights into "human and social 
experience, communication, thoughts, expectations, 
meaning, attitudes, and processes, especially related 
to interaction, relations, development, interpretation, 
movement, and activity – all core components of clinical 

*Address correspondence to:
Dr. Hiroshi Yamazaki, The University of Tokyo, Uehiro 
Chair for Death and Life Studies, Graduate School of 
Humanities and Sociology, 7-3-1 Hongo, Bunkyo-ku, 
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e-mail: yamazaki@l.u-tokyo.ac.jp

Characteristics of qualitative studies in influential journals of 
general medicine: a critical review
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Takeo Nakayama6

1 The University of Tokyo, Graduate School of Humanities and Sociology, Tokyo, Japan; 
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3 The University of Tokyo, School of Public Health, Tokyo, Japan;
4 Ochanomizu University, Graduate School of Humanities and Sciences, Tokyo, Japan;
5 Daito Bunka University, Faculty of Sports and Health Sciences, Saitama, Japan;
6 Kyoto University, School of Public Health, Kyoto, Japan.
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Summary

Review

Although qualitative studies have increased since the 1990s, some reports note that relatively 
few influential journals published them up until 2000. This study critically reviewed the 
characteristics of qualitative studies published in top tier medical journals since 2000. We 
assessed full texts of qualitative studies published between 2000 and 2004 in the Annals of 
Internal Medicine, BMJ, JAMA, Lancet, and New England Journal of Medicine. We found 
80 qualitative studies, of which 73 (91%) were published in BMJ. Only 10 studies (13%) 
combined qualitative and quantitative methods. Sixty-two studies (78%) used only one 
method of data collection. Interviews dominated the choice of data collection. The median 
sample size was 36 (range: 9-383). Thirty-three studies (41%) did not specify the type of 
analysis used but rather described the analytic process in detail. The rest indicated the 
mode of data analysis, in which the most prevalent methods were the constant comparative 
method (23%) and the grounded theory approach (22%). Qualitative data analysis software 
was used by 33 studies (41%). Among influential journals of general medicine, only BMJ 
consistently published an average of 15 qualitative study reports between 2000 and 2004. 
These findings lend insight into what qualities and characteristics make a qualitative study 
worthy of consideration to be published in an influential journal, primarily BMJ.

Keywords: Qualitative study, general medicine, data collection/analysis methods

knowledge" (1). Pope and Mays note that there was an 
enormous expansion of qualitative health research in the 
United Kingdom in the latter half of the 1990s (2). In 
both the United States (US) and Britain, high circulation 
journals including the Journal of American Medical 
Association (JAMA), the British Medical Journal (BMJ), 
and the Lancet published overviews and guidelines 
of qualitative methods during these and ensuing years 
(1,3-6). A greater recognition of qualitative studies by 
major medical journals appeared to be promising.

Despite this progress, the acceptance and recognition 
of qualitative studies remains questionable. McKibbon 
and Gadd found that only 11% of published medical 
papers used qualitative methods, and just 4 of the top 
20 high impact healthcare journals published qualitative 
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studies in 2000 (7). The situation since then remains 
unknown. Thus, we conducted a critical review of 
qualitative studies published in five influential journals 
of general medicine between 2000 and 2004. We aimed 
to delineate the characteristics of qualitative studies in 
these high circulation journals for the past five years in 
simple numerical terms. Our ultimate objective was to 
develop guidelines on publishing qualitative studies in 
top tier journals in general medicine, not just in those 
specialized medical journals that serve relatively limited 
audiences.

2. Methods

We searched for qualitative studies published between 
1990 and 2004 in the following five high impact 
journals of general medicine (the Big Five): Annals 
of Internal Medicine, BMJ, JAMA, Lancet, and New 
England Journal of Medicine. We focused on these five 
high impact journals of general medicine because we 
believed that the extent to which these internationally 
influential journals publish qualitative studies strongly 
affects the scale in which such healthcare research can 
expand worldwide.

In this report, we focus specifically on the period 
after 2000 since our objective was to assess the recent 
trends of qualitative studies published by the above 
five journals. We limited our search to original papers/
reports and excluded systematic reviews, letters, 
editorials, and guidelines. Three authors (HY, BTS, 
and TN) discussed and decided on appropriate search 
terms after consulting textbooks on qualitative studies 
(Table 1) (2,8-11).

Items to be assessed were determined after repeated 
discussions among all participating researchers. 
From each qualitative study, the journal title, authors 
affiliations, funding support, research site, study type 
(whether or not combined with quantitative study), 
research question, subjects, sample size, analysis 
process (methods and the use of any specialized 
software), data collection method, data presentation, 
ethical considerations, and competing interests were 
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extracted. The authors were divided into 3 pairs (HY & 
YH, BTS & HS, MT & TN); each closely assessing a 
third of the selected papers. Pairing allowed reciprocal 
crosschecking of results and mutual discussions to 
resolve any contradictions. Upon completion of the 
review, all six researchers gathered to discuss the 
appropriateness of results to further ensure rigorousness. 
HY finally compiled all the results for further analysis.

In this paper, the general trends of qualitative studies 
published in the Big Five are presented. Results on 
research participants, qualitative study type, research 
sites, data collection methods, sample size, and analysis 
process are also included. The review results of other 
items will be discussed elsewhere.

3. Results

3.1. The trend

From Medline, 97 qualitative papers were extracted for 
the period between 2000 and 2004, in comparison to 
54 for 1995-1999 and 6 for 1990-1994. As a result of 
our critical assessment, 17 of 97 reports did not qualify 
as original reports of qualitative methods, leaving 80 
reports (Figure 1).

The BMJ published 73 of the 80 qualitative studies 
(91%) for 2000-2004; JAMA, the Lancet, and the Annals 
of Internal Medicine published 7 all together. The New 
England Journal of Medicine, the highest-ranked among 
these five journals by the SCI Impact Factor, did not 
publish any qualitative studies between 1990 and 2004 
(Table 2).

For 2000 and 2001, over 20% of qualitative studies 
were published in journals other than BMJ. However, in 

Table 1. Terms used for Medline search [(MeSH terms OR 
Text words) AND Journal titles]
Categories

MeSH terms

Text words

Journal titles

Terms

qualitative research OR focus groups

qualitative study OR conversational analysis 
OR grounded theory OR ethnography OR 
p h e n o m e n o l o g y  O R  e t h n o s c i e n c e  O R 
ethnomethodology OR life histories OR life stories 
OR oral histories OR biography OR memory work 
OR action research OR participant observation OR 
in-depth interviews OR individual interviews OR 
qualitative case study

BMJ OR JAMA OR Lancet OR Ann Intern Med OR 
N Engl J Med

Figure 1. Summary profi le of search for qualitative studies.

Potentially relevant papers extracted using
Medline for critical review of qualitative studies: N = 97

 
Excluded due to: 
Not qualitative studies (N = 5)
Not original papers (N = 12)

Qualitative studies included in the 
review: N = 80

* Raw results from Medline prior to individual confirmation to 
exclude papers that were not actual qualitative studies.

Table 2. Trend in qualitative studies published in Big Five 
between 1990 and 2004
Journal / Years

N Engl J Med
JAMA
Lancet
Ann Intern Med
BMJ
Total

1990-1994

0
2
0
1
3

  6*

1995-1999

  0
  5
  6
  3
40

  54*

2000-2004

  0
  3
  3
  1
73
80
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2002 and 2004 BMJ became the only journal to publish 
qualitative studies among the Big Five. In 2003 JAMA 
published only one qualitative study (6%) while BMJ 
published 15 (94%). BMJ published an average of 15 
reports between 2000 and 2004.

3.2. Research subjects

Patients (50%), health professionals (48%), and lay 
persons (20%) were most commonly studied, followed 
by patient relatives or partners (10%), medical students 
(6%), and medical educators (4%) as shown in Table 3. 
Healthcare professionals included general practitioners, 
physicians, clinicians, consultants, nurses, physical 
therapists, practice managers, and hospital administrators. 
Lay persons included health-related trust managers 
and board members, prisoners and prison staff, high 
school students, clinical governance leaders, service 
users, medical librarians, internet users, pharmaceutical 
representatives, medical volunteers, and chaplains.

Thirty-two studies (40%) recruited more than 
one  popula t ion .  Common combinat ions  were 
healthcare professionals and patients (9, 28%), 
different healthcare professionals (6, 19%), healthcare 
professionals and lay persons (5, 16%), and patients 
and relatives (5, 16%). Other combinations included 
educators and medical students (1, 3%) and between 
different patients or lay persons (1, 3%). Those studies 
that did not fit into the above categories were grouped 
together as "others" (4, 13%).

Qualitative studies that recruited a single population 
tended to focus on patient or healthcare professional 
perceptions, attitudes, or experiences regarding illness 
or healthcare. Those studies handling more than two 
populations often dealt with issues of communications 
between patients, healthcare professionals and patient 
relatives, clinical decision-making, medical education, 
or service appraisal. Of particular interest was the use of 
information communication technologies in healthcare 
settings. We found 5 such studies since 2002 and among 
them 3 were published in 2004.

3.3. Research sites

Research sites within Great Britain proved to be the most 
popular (75%). Combined with research sites in Canada 
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and Australia, those in the British Commonwealth on 
the whole comprised 87%. Aside from these nations, the 
US nested 7 studies (9%). Germany and the Netherlands 
were 2 other Western states where 1 qualitative study was 
conducted, respectively. The only site outside of North 
America and Europe was Chile.

3.4. Mixed qualitative and quantitative studies

Ten of 80 qualitative studies (13%) used both 
qualitative and quantitative methods. The Lancet 
published one of these and the rest were in the BMJ. 
Between 2000 and 2002, two such studies were 
published annually. In 2003, this number doubled. 
However, no studies using qualitative and quantitative 
methods were found in 2004.

3.5. Data collection methods

Nearly 80% of studies used a single method of data 
collection (Table 4). Individual interviews were the most 
commonly used (52%), followed by group interviews 
(21%). All individual interviews were described either 
as "semi-structured", "unstructured", or "in-depth". 
Focus groups dominated group interviews. Unobtrusive 
methods (e.g. audio/videotape-recording of clinical 
consultations) and participant observation did not prove 
to be popular (6% together).

More than one data collection method was used in 
16 studies (20%). Nine studies combined individual 
and group interviews (11%), five combined interviews 
and observation methods (6%), and two combined 
interviews, observations, and unobtrusive methods 
(3%). Non-participatory observation was only used 
with individual or group interviews. In all, interviews 
and the use of only one method were consistent 
throughout the five-year period.

3.6. Sample size

The median sample size was 36 (range: 9-383) for 
78 qualitative studies (2 studies were excluded since 
their samples were not people but consultation scenes 

Table 3. Research subjects studied
Category

patients
health professionals
lay persons
relatives/partners
medical students
medical educators

Number of Studies (%)

40 (50)
38 (48)
16 (20)
  8 (10)
 5 (6)
 3 (4)

Note that the total for all studies does not add to 100% because studies 
often included multiple populations.

Table 4. Data collection methods used
Methods

single method
    individual interview
    group interview
    unobtrusive method
    participant observation
multiple methods
    individual & group interviews
    interviews & observations
    interviews, observations & 
    unobtrusive methods
unknown

Number of Studies (%)

           63 (79)
           41 (52)
           17 (21)
             4 (5)
             1 (1)
           16 (20)
             9 (11)
             5 (6)
             2 (3)

             1 (1)
           78 (100)
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or encounters). Sample sizes differed according to 
the method of data collection, with a larger median 
sample size for group interviews (median: 42, range: 
19-104) than that for individual interviews (median: 
31, range: 9-383). The average sample sizes for 
unobtrusive methods, non-participatory observation, 
and participant observation were unreliable since only 
small numbers of studies applied these data collection 
methods. The sample size for the research that utilized 
mixed-method approach did not have a larger sample 
size. The result was rather contrary (median: 28.5, 
range: 19-179).

3.7. Analysis process

Thirty-three studies (41%) did not succinctly specify 
the type of analysis used but rather, described the 
analytic process in detail. Descriptions included terms 
as "iterative", "inductive", "themes", "coding/codes", 
"categories", and/or "frames/frameworks".

As for the remaining studies that clearly indicated 
the mode of data analysis, the constant comparative 
method (23%) and the grounded theory approach 
(21%) were the most prevalent methods (Table 
5). Thematic analysis (5%), qualitative content 
analysis (5%), phenomenological analysis (3%), and 
ethnography or thick description (1%) rounded up 
other major tools used.

We found a range in how authors defined grounded 
theory approach, constant comparative method, and 
thematic analysis. By definition, grounded theory 
approach aims to establish integrated schema of 
social phenomena, particularly concerned with human 
interactions, by exhaustive inductive analyses that 
are strictly grounded on data (15). Both constant 
comparative method and thematic analysis are 
components of grounded theory (16).

Computer-assisted qualitative data analysis 
software (CAQDAS) was utilized by 33 studies (41%) 
published between 2000-2004. This tool faced an 
overall increase over time. Studies relied on CAQDAS 
43%, 31%, 37%, 38% and 50% between 2000, 2001, 
2002, 2003, and 2004, respectively. The most widely 
used specialized software package was QSR NVivo/ 
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NUD*IST (85%), followed by ATLAS.ti (12%) and 
Ethnograph (3%).

4. Discussion

Publication of qualitative studies by the Big Five has 
increased in total over five years since 2000. However, 
the increase has not been uniform. The BMJ alone has 
published over 90% of the qualitative studies. The 
other four journals (the Annals of Internal Medicine, 
JAMA, the Lancet, and the New England Journal 
of Medicine) have published few or no qualitative 
studies despite the contention in their guidelines that 
qualitative studies are as important as quantitative 
studies in healthcare research (1,3-6).

Hoddinott and Pill (13) reviewed qualitative 
interview studies published in the field of general 
practice between 1992 and 1996. They focused on the 
reporting of methods and discovered that studies often 
failed to explicitly state "the relationship between the 
interviewer and the respondents, the setting, who did 
the recruiting, and how the research was explained to 
the respondents" (13). Their study did not report the 
publishing trend of qualitative studies over time and 
failed to explain why only studies using individual 
interviews were examined (14).

We found  tha t  pa t i en t s  (50%)  and  hea l th 
professionals (48%) were most commonly studied, 
which differs from findings by McKibbon and Gadd 
(7) and Borreani et al. (12); both of which concluded 
patients and family were the most commonly studied. 
In our review only 8 qualitative studies (10%) analyzed 
patient relatives or partners. This suggests that reports 
in general medicine journals focus more on doctor-
patient communication and clinical (shared) decision 
making.

It  was no surprise that research sites were 
predominantly in Britain and the US since the Big Five 
are British or American journals. A disposition of these 
journals to publish studies conducted in Western sites 
remained consistent throughout the five-year period. 
This implies that when we conduct qualitative study at a 
site outside Britain and the US, we need to be culturally 
sensitive and present our results and discussions in a 
way that major readers of these journals could readily 
associate with and apply them in their everyday clinical 
practice.

Method t r iangulat ion,  used by qual i ta t ive 
researchers to better ensure research trustworthiness by 
combining several data collection methods, was not as 
popular as investigator triangulation, which requires 
multiple investigators rather than methods. Only 16 
studies (20%) combined more than one qualitative data 
collection method. We surmise that this was a result of 
common collaboration among healthcare researchers 
regardless if the study is qualitative or quantitative. This 
differs from qualitative research in the social sciences, 

Table 5. Data analysis methods used
Methods

constant comparative method
grounded theory approach
thematic analysis
qualitative content analysis
phenomenological analysis
ethnography
others
not specifi ed but described
not described

Number of Studies (%)

           18 (23)
           17 (21)
             4 (5)
             4 (5)
             2 (3)
             1 (1)
             2 (3)
           33 (41)
             5 (6)

Note that the total for the number of studies does not add to 100% 
because studies often included multiple methods.
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in which researchers often conduct studies as a single 
investigator.

The median sample size for the qualitative studies 
reviewed was 36. It is often argued that sample size 
cannot be accurately predetermined in qualitative 
studies (2,10,15), unlike in clinical trials. Researchers 
are expected to collect new data until their analyses 
become theoretically saturated, i.e., no new insights 
are gained from collecting additional data (15,16). 
However, this becomes problematic as grant proposals 
often require an estimated sample size. The median 
sample size for our reviewed studies may serve as 
an indicator when writing a research proposal for a 
qualitative study.

The three most popular analysis methods (constant 
comparative method, grounded theory approach, and 
thematic analysis) can be grouped together under 
grounded theory approach. That is, the constant 
comparative method or thematic analysis are analytic 
approaches to grounded theory (9,10,15-18).

According to Glaser and Strauss, the constant 
comparative method involves four stages: "(i) 
comparing incidents applicable to each category, 
(ii) integrating categories and their properties, (iii) 
delimiting the theory, and (iv) writing the theory" (15). 
Both categories and properties are abstracted units 
developed by the researcher and represent elements of a 
social phenomenon under study.

Rice and Ezzy argue that thematic analysis is 
a grounded theory approach without theoretical 
sampling (9), i.e., "the process of data collection for 
generating theory whereby the analyst jointly collects, 
codes, and analyzes his data and decides what data 
to collect next and where to find them, in order to 
develop his theory as it emerges" (15). However, this 
argument is contentious since other methodologists 
argue otherwise (16,19). In fact qualitative studies 
reviewed in this study that used thematic analysis had 
not decoupled theoretical sampling from their analytic 
process.

Among qualitative methodologies, phenomenology 
and ethnography proved to be uncommon choices. 
Phenomenology requires researchers to bracket their 
personal experiences and metaphysical presuppositions 
about the world which is often criticized to be 
difficult, if not impossible (8,10). Ethnography obliges 
researchers to stay in the field for a long period of time 
particularly for observing targeted cultural behavior. 
This is likely to be difficult for those who are limited 
in terms of time and budget (9). In addition to these 
limitations, both methodologies ask researchers to 
have a rather sound understanding of philosophical and 
disciplinary backgrounds of respective approaches: 
phenomenology and cultural anthropology (8).

We bel ieve  these  are  some major  reasons 
why authors of qualitative studies refrain from 
phenomenology and ethnography. This is unfortunate, 

but it is likely that other journals such as Social Science 
& Medicine, which are less mainstream to clinical 
medicine publish such studies. Phenomenology is 
helpful to study the many phenomena of healthcare (e.g. 
often used in psychiatry); likewise, ethnography can be 
used to delineate the cultural behaviors of a group or an 
individual in clinical and public-health settings (8).

Our findings showed that 41% of studies did not 
specify the analysis type but described it in detail. 
During our review, we occasionally found studies 
that claimed to use a particular analytic method 
(e.g. grounded theory), but did not clearly explain 
the methods used in the course of analysis. This is 
problematic as the grounded theory approach or 
a constant comparative method can be used very 
differently. As Silverman (20) argues, explaining the 
actual analysis process in details allows readers to know 
and evaluate decisions made by researchers regarding 
qualitative analyses.

Lastly, our findings indicated that more researchers 
are using specialized software for qualitative analysis. 
Although we cannot determine if this trend continued 
after 2004, we extrapolated such a trend given the 
steady rise in use of CAQDAS between 2000 and 2004. 
CAQDAS helps researchers to improve the rigor of 
their studies by allowing them to prove, if requested 
by journal referees or readers, that every bit of data 
has been covered and thoroughly analyzed (21). Since 
CAQDAS can now process non-European languages, 
more qualitative researchers throughout the world are 
likely to use this software in the future.

5. Conclusions

The hope of  McKibbon and Gadd that  "more 
[qualitative] studies will be published and more will 
be published in the high impact (circulation) journals" 
(7) has yet to be realized. It is also our hope that those 
journals less active in publishing qualitative studies 
follow the policy of BMJ and publish more of them. We 
need to realize that there is "the potential for qualitative 
research to sensitise policymakers and practitioners to 
the perceptions of health service users and professionals 
and to strengthen aetiological and health service 
research" (22). Researchers need to recognize that 
qualitative studies provide unique data to healthcare 
problems that cannot be produced by quantitative 
studies. Only by doing so will we be able to better 
integrate data from both quantitative and qualitative 
approaches.
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Summary House dust mites are widely distributed in the human habitat and work environment 
and produce very powerful allergens. The most important allergy-causing mites found in 
homes worldwide are the house dust mites Dermatophagoides farinae and D. pteronyssinus 
and the storage mite Blomia tropicalis. It is important to know which mite species are 
present in a geographical area when performing diagnostic testing and prescribing 
immunotherapy. We classified the breeding situations of house dust mites in dwellings in 
northern China. Mites are detectable in March and their number increases from April 
or May, reaching a peak from July to September. The seasonal distribution of different 
acaroid mite species may differ: temperature, humidity, and eating habits were the major 
limiting factors determining species composition and diversity of acaroid mite communities 
in house ecosystems; comparing to the field and the forest, in human living area including 
house and working place, acaroid mites showed less bio-diversity.

Keywords: House dust mites, allergens, seasonal dynamics, distribution

1. Introduction

Since 1964 house dust mites have been known to 
be the most common allergen causing asthma and 
other allergic diseases, thanks to the work of Reindert 
Voorhorst et al. (1), which drew attention in the 
international medical and immunological community to 
acaroid mite allergies. 
 House dust mites (also called domestic mites) 
are widely distributed in human habitats and work 
environments. As very powerful allergens, house dust 
mites can induce mite asthma, allergic rhinitis, atopic 
dermatitis, chronic urticaria, and other harmful effects 
on human health, especially in children (2).
 One hundred and seventy-five asthmatic and 100 
healthy children in Kunming were tested with the 
internationally recognized method of the skin prick test 
by Chen Yanhua. About 82.9% of asthmatic children 
were found to be sensitive to the house dust mite 

(compared to 48.6% found sensitive to silk and 45.7% 
to sea shrimp). The rates of sensitivity were higher in 
asthmatic children than in the controls (3). Yi et al. 
investigated the pathogenesis of children with asthma 
in the Shanghai district from 2002 to 2006. Dust mites 
accounted for the highest incidence of positive skin 
prick tests: 77.67% of asthmatic children were sensitive 
to Dermatophagoides pteronyssinus and 77.0% to 
Dermatophagoides farinae (4). Sensitization to house-
dust mites is a major independent risk factor for asthma 
in all areas where the climate is conducive to mite 
population growth. It appears that the mite allergens 
present in homes "overshadow" other allergens as a risk 
factor for sensitization and subsequent development 
of allergic diseases (5). The most important allergy-
causing mites found in homes worldwide are the house 
dust mites D. farinae, D. pteronyssinus, Euroglyphus 
maynei, and the storage mite Blomia tropicalis. 
Therefore, it is important to know which mite species 
are present in a geographical area when performing 
diagnostic testing and prescribing immunotherapy (6).
 There are seven zoogeographic regions in China: 
Northeast China, North China, the Meng-Xin region, 
Qingzang province, Southwest China, Central China, 
and South China. The first four regions belong to the 
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Palaearctic realm, and the last three regions belong to 
the Oriental realm (7). Reports about house dust mites 
in China are still insufficient and are focused on the 
North China, Central China, and South China regions. 
Huainan is on the border of the North China and Central 
China regions, Fujian is on the border of the Central 
China and South China regions. We therefore classified 
the breeding environments of house dust mites in 
dwellings according to whether they were in North 
China, Huainan, Central China, Fujian, or South China 
(Table 1, Figure 1).

2. North China region

Yuan and Zhu investigated the prevalence of mites in 
different kinds of houses in Beijing City in 2003. The 
results showed that acaroid mites were found in 71.4% 
of surveyed houses in summer and in 66.7% in winter. 
Acaroid mites were found in 87.5% of multistory 
buildings and in 100% of bungalows in at least one 
season (8).
 Zhao investigated the prevalence of house dust 
mites by different methods in Beijing City in 2004. By 
the screened smear method, mites were detectable in 
38.6% of dust samples (33.3% from houses and 44.4% 
from beds). By the direct smear method, mites were 
detectable in 28.1% of dust samples (20.0% from houses 
and 37.0% from beds). In both winter and summer, 
the rates of detection were lower in houses than in 
beds. The overall detection rate for samples taken in 
both seasons was 29.7% (9). The results between two 

methods differed significantly.
 House dust mites from pillows and mattresses in 
Zhangjiakou Medical College dormitory bedrooms was 
studied by Gui et al. in 1992. House dust mites were 
found in 11.0% of samples, significantly lower than 
the figure reported from other cities and provinces; the 
reason may be the cold weather and dry climate, which 
is unfavorable to the growth of house dust mites (10).
 Ji et al. investigated the mites in private houses and 
hotels in Jining City in 2004. The result showed that 
Tyrophagus putrescentiae, Acarus siro, D. farinae, D. 
pteronyssinus, and E. maynei were detected in floor 
dust. The predominant species were D. farinae and D. 
pteronyssinus. Mites were present in detectable numbers 
in March, their numbers increased from April, reached 
maxima during September and October, and became 
undetectable from November to March. However, mites 
can be detected in carpets even in the winter season (11).
 Han and Zhao investigated the prevalence of mites 
in private houses, hotels, stored foodstuffs, and medical 
supply warehouses in Qingdao City in 2005. The result 
showed that A. siro, D. pteronyssinus, D. farinae, and 
T. putrescentiae were widely distributed in floor dust. 
Mites were present in detectable numbers in March, 
their numbers increased from April, reached a peak 
during August and September, and could not be detected 
from December to March (12).
 Shen and Li  invest igated the acaroid mite 
population in houses in the Huaibei area from April to 
May in 2006. Samples were collected from the houses, 
undergraduate dormitories, and hotels, where acaroid 
mites were detectable in 85.0%, 72.5%, and 75.0% of 
samples, respectively. Fifteen kinds of acaroid mites 
were detected from the collected samples, belonging 
to 5 families and 11 genera. The predominant species 
were D. pteronyssinus and D. farinae. Their data 
showed that acaroid mites are most common not only 
in terms of the "species richness index" (the number 
of different species in a given area) but also in terms 
of a species diversity index (a measure of the relative 

Table 1. Differences in distribution of house dust mites in 
fi ve regions of China

Region

North China 

Huainan 

Central China

Fujian 

South China

"/" means data were not showed in articles.

District 

Beijing
Beijing
Zhangjiakou
Jining
Qingdao
Huaibei

Huainan
Huainan
Huainan

Anhui
Hefei
Chuzhou
Shanghai
Wuhan
Zhangjiagang
Hengyang

Fujian

Guangzhou
Guangzhou
Nanning
Beihai
Guìlín
Haikou

Year 

2003
2004
1992
2004
2005
2006

1995
2002
2004

2005
2007
2006
1988
1999
2005
2006

2008

1988
2006
1996
1996
1996
2005

Average

41.1
29.7
11.0
75.7
70.9
77.5

60.0
56.5
44.9

26.6
74.4
40.8
66.7
78.0
52.3
60.1

38.0
 

83.8
98.8
67.6
50.0
77.8
43.8

Floor

  /
24.2
  /
  /
  /
  /

  /
47.8
52.0

  /
  /
64.5
  /
67.7
  /
40.0

  /

69.3
  /
  /
  /
  /
24.8

Mattress 

    /
  38.9 
    /
    /
    /
    /

    /
  63.7 
  69.0 

    /
    /
  53.0 
    / 
  89.2 
    /
  80.5 

    /

  90.6 
100.0 
    /
    /
    /
  52.4 

House dust mite detection rate (%)

Figure 1. Seasonal dynamic pattern of house dust mites.
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abundance of each species): in this case, the species 
evenness index (a measure of the closeness of the 
proportions among the numbers of individuals of each 
species present) in acaroid mite communities was 
the highest in undergraduate dormitories, while the 
species dominance index (the disproportion among 
the numbers of individuals of different species) was 
highest in hotels (13).

3. Huainan regions

Zhang et al. investigated the mites in the Huainan 
region from December 1995 to November 1996 to find 
out the seasonal distribution and habitat of D. farinae. 
They found that D. farinae was widely distributed, with 
its highest densities in flour collected from the floor, in 
domestic animal feed, and in some traditional Chinese 
medicinal herbs. The number of the mites increased 
from May, reached maxima during July and August, and 
started to decrease in October, maintaining a high level 
for five of the twelve months of the study (14).
 Cui et al. collected dust samples from beds, clothes, 
and houses every month on the same campus in Huainan 
City from March 2002 to February 2003; the samples 
were examined microscopically to identify mites. Mites 
were detectable in dust samples collected from 63.7% of 
beds, 41.7% of clothes, and 47.8% of houses; the overall 
detection rate was 56.5%. Identified by microscopy, 
the mites separated from dust samples belonged to 15 
species, 13 of which belonged to Acaridida mites. Mites 
were detected every month, at rates ranging from 19.7% 
to 91.6%, with the highest detection rates from June 
to August. Most mite species in the Huainan region 
belonged to Acaridida, whose reproductive peaks seemed 
to be from June to August (15).
 Li et al. collected dust samples from storage places, 
human dwellings, and working places in Huainan City 
from May to July 2003. From these three environments, 
26 species of acaroid mites were identified, belonging 
to 19 genera and 7 families. The composition and 
diversity of acaroid mite communities in the three 
different environments showed significant differences, 
presumably attributable to temperature, humidity, and 
human interference (16).
 Li et al. then investigated the composition and 
diversity of acaroid mite communities in the house 
ecosystem of the Huainan area from May to September 
in 2004. The results showed that the overall rate of 
acaroid mite detection was 44.9%, varying in different 
breeding places: mites were detected in 69.0% of 
samples of bed dust, 52.0% of floor dust, 32.5% of 
clothing dust, and 26.0% of furniture dust. In total, 
14 species were detected, belonging to 11 genera and 
5 families. Temperature, humidity, and eating habits 
were the major limiting factors determining the species 
composition and diversity of acaroid mite communities 
in house ecosystems. Comparing to the field and 
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the forest, in human living area including house and 
working place, acaroid mites showed less bio-diversity 
and the D. farinae and D. pteronyssinus were the 
overwhelming majority mites (17).
 From May to August in 2005, Tao and Li studied 
the community structure and diversity of acaroid mites 
from four different habitats in southern Anhui Province. 
The acaroid mites found belonged to 7 families, 20 
genera, and 32 species. The rates of detection of mites 
in dust samples were in this order: warehouses (51.9%) 
> human habitats (26.6%) > work environments (12.7%) 
> external environments (8.8%). D. pteronyssinus, 
D. farinae, and T. putrescentiae are the predominant 
species in human habitats and work environments. 
Diversity analysis showed that the species number, 
species richness index, and species diversity index 
of acaroid mites in these habitats were in the order: 
warehouses > external environments > human habitats 
> work environments. The species evenness index of 
acaroid mite communities was highest in the external 
environment, while the highest species dominance 
index was observed in work environments. Acaroid 
mite communities in work environments differed the 
most from those in external environments. The results 
suggested that habitat conditions directly influence the 
community structure and diversity of acaroid mites, and 
comparing to the field and the forest, in human living 
area including house and working place, acaroid mites 
showed less bio-diversity (18).
 Wang et al. investigated the breeding densities 
and the seasonal distribution of four common storage 
acaroid mites in Bengbu City from February 2006 to 
January 2007. T. putrescentiae, A. siro, Lepidoglyphus 
destructor, and D. farinae had high breeding densities 
in ham, wheat, seed, and house dust. The number of 
mites increased from April or May, peaked during July 
and August, and declined from September or October. 
The seasonal distribution of the individual acaroid mites 
might differ (19).
 Wang et al. also explored the breeding density and 
diversity of acaroid mites in storage foodstuffs, Drug 
storage and houses in Hefei City. Twenty-six species 
of acaroid mites were identified, belonging to 17 
genera and 6 families. Acaroid mites can be detected 
in 74.4% of three different habitats. The detection 
rates of mites in dust samples collected from storage 
foodstuffs, Drug storage and articles of daily use, such 
as clothing and furniture were 84.7%, 74.7%, and 
64.1%, respectively (20).
 From June to July in 2006, Lv et al. investigated the 
composition and diversity of acaroid mite communities 
in house ecosystems in the Chuzhou area. The results 
showed that the overall acaroid mite detection rate 
was 40.8%, but this varied according to the particular 
location from 64.5% in beds to 53.0% on floors, 34.0% 
in clothing, and 24.5% in furniture dust. The 14 species 
detected belonged to 11 genera and 5 families (21).
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4. Central China regions

From September 1984 to August 1985, a faunal survey 
of the house dust mites was carried out in Shanghai 
by Cai and Wen. Every four weeks, dust samples were 
collected by vacuum cleaner from pillows, sofas, 
mattresses, woolen jackets, and room floors around the 
beds in 15 occupied houses and 2 inns. The specimens 
were identified as 21 species belonging to 4 suborders, 
9 families, and 16 genera. D. pteronyssinus was 
the predominant species (49.2%); Hirstia domicola 
(15.0%) was second, followed by Glycyphagus privatus 
(10.2%), D. farinae (8.0%), and E. maynei (5.5%). 
Mites appeared in the dust samples throughout the 
year; the greatest number of species (17 species) was 
found in August and the least (7 species) in January 
and December. The mite population reached a peak in 
summer with as many as 103 mites/m2 and a trough in 
January and February (22).
 Zhong et al. investigated the breeding situations 
of acaroid mites in Wuhan City for five years. The 
overall detection rate of house dust mites was 78.0%. 
House dust mites were widely distributed in Wuhan 
City throughout the year, with a distinctive seasonal 
distribution. The overall mite detection rates during 
the 5-year study period were 67.4% from April to 
July, 22.4% from August to October, and 10.2% from 
November to March. The average mite detection rate in 
dust samples collected from beds was 89.2% and from 
furniture and floors was 67.7% (23).
 Zhu and Zhuge investigated the breeding situations 
of acaroid mites in selected dwellings in Zhangjiagang 
City from April to July in 2005. The detection rate of 
acaroid mites in samples was 52.3%. The acaroid mites 
belonged to 15 species and 7 families. The highest 
breeding rate and relative abundance were 46.3% and 
54.3% respectively; detected species belonged most 
frequently to the Pyroglyphidae family, followed by 
Acaridae (34.5%; 23.9%) and Glycyphagidae (19.3%; 
18.1%). The predominant species in human habitats 
were D. pteronyssinus and D. farinae (24).
 From October to November in 2006, Jiang et 
al. investigated the breeding situation of house dust 
mites in dust samples from beds, articles of daily 
use, floors, and toys in Hengyang City. The overall 
detection rate was 60.1%, and the mite detection rates 
in dust samples collected from college dormitories, 
kindergartens, and houses were 76.0%, 57.7%, and 
44.4%, respectively (25).

5. Fujian region

House dust mites are important factors in allergic 
asthma and other diseases and often occur on a large 
scale in warm areas. However, the information available 
about them in Fujian, a subtropical province of China, 
has been rather scant.

 Wu et al. sought to measure the presence of mites 
in houses in Fujian. Mites were detected in 38.0% 
of samples and identified as belonging to 55 species, 
30 families, and 4 orders. The most frequently 
detected mite was B. tropicalis (found in 48.9% of all 
samples), followed by Cosmochthonius reticulatus 
Grandjean (16.7%). Next to them was Tyrophagus 
sp., Haplochthonius sp., and D. farinae. Cheyletus 
malaccensis was the dominant predaceous mite. Large 
numbers of house dust mites were found in Fujian, 
the dominant mite being D. farinae, whose density 
often surpassed the allergic sensitivity threshold 
(26). The findings differed from data from Shanghai 
and other areas in China where the dominant mite is 
Dermatophagoides pteronyssinus.

6. South China region

Lai et al. did a study on the breeding environment 
of house dust mites in Guangzhou City in 1988. 
The overall detection rate of house dust mites in all 
samples was 83.8%; mites were detected in 90.6% 
of dust samples collected from beds and in 69.3% 
of dust samples collected from other locations in 
houses. There was no statistical difference between 
the breeding densities of house dust mites found in 
different locations. House dust mites were widely 
distributed in Guangzhou City throughout the year; 
the seasonal distribution was distinctive: levels 
remained high from May to June and from September 
to November in the 12-month period studied. Sixteen 
kinds of acaroid mites were detected from the samples; 
D. pteronyssinus, D. farinae, and B. freemani were 
dominant (27).
 Chen et al. surveyed the house-dust mite fauna 
in school dormitories in Guangzhou City from 
October to December in 2006. House dust mites were 
universally present in bed-dust of school dormitories in 
Guangzhou City. D. pteronyssinus, D. farinae, gamasid 
mites, scab mites, and Pyemotidae species were among 
the species found most frequently in the samples. In 
multistory dwellings, the mean number of mites found 
was highest on the lowest floors and lowest on the 
highest floors. The prevalence of mites in samples 
was 98.8% (28): higher than the findings of Lai et al. 
in 1988. However, as in Lai's study, D. pteronyssinus 
and D. farinae are the dominant mite species, and D. 
pteronyssinus was more common than D. farinae.
 Li et al. randomly selected 90 dust samples from 
394 dust samples collected from four different types of 
housing: dormitory, private house, hotel, and hospital 
in three different cities of Guangxi, China: Nanning, 
Beihai, and Guilin. The prevalence of mites in these 
samples was 65.6%. The mean number of mites per 
gram of dust was the highest in Guilin: about 2.5 times 
the number found in Nanning and about 7 times the 
number found in Beihai. Four orders and 5 families 
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of mites were found in the survey. Most of the mites 
collected in Nanning and Guilin belonged to the 
family Acaridae (Order Astigmata), whereas in Beihai, 
most of them belonged to the family Tarsonemidae 
(Order Prostigmata). The pyroglyphids found in the 
survey belonged to the genus Dermatophagoides. D. 
pteronyssinus was found in 3 cities; D. farinae was 
found only in Guilin City. Guangxi Province is in the 
southern part of China, and the sub-tropical climate 
is favorable to the growth of house dust mites. It is 
known that the threshold level for atopic symptoms 
is 100 mites per gram. The number of these genera 
was less than 100 mites per gram in private houses, 
dormitories, and hotels, but higher in hospitals (29).
 From March to May in 2005, Rao et al. studied 
the breeding environments of dust mites in college 
dormitories in Haikou City. The overall detection 
rate was 43.8%, and the mite detection rates in dust 
samples collected from beds, pillows, tabletops, floors, 
and transoms were 52.4%, 54.6%, 18.4%, 24.8%, 
and 14.8%, respectively. The mite detection rates in 
dust samples from college dormitories for male and 
female students were 44.8% and 42.6%, respectively. 
In samples taken from the first floor to sixth floor, 
the detection rates decreased from 51.2% to 48.0%, 
43.6%, 41.2%, 36.6%, and 33.9%, respectively; 
breeding rates appeared also to be higher, the lower 
the floor. Fifteen species of mites were identified, 12 
of which belonged to Astigmata. B. tropicalis appears 
to be preponderant in this area (71.6% of all samples); 
D. pteronyssinus was found in only 15.7% and D. 
farinae in only 0.6% (30).

7. Conclusions

The density of house dust mites is affected by 
temperature, humidity, and human interference. 
Tempera ture  and  humidi ty  in  the  immedia te 
environment of domestic mites has a decisive impact on 
their prevalence.
 Our study showed that domestic mites were 
widely distributed in the warm and humid Huainan, 
Central China, Fujian, and South China regions, but 
less densely distributed in cold and dry areas such 
Zhangjiakou City in North China.
 Mites are found in detectable numbers in March, 
and their number increases from April or May, reaching 
a peak during July and August and decreasing in 
October, a trend clearly affected by temperature and 
relative humidity.
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Summary Tissue engineering has been one of the most promising strategies for the regeneration of 
impaired tissue. Application of three-dimensional porous scaffolds has greatly improved 
the outcome of tissue engineering in many categories. Cell seeding is one of the key 
issues in tissue regeneration. It depends not only on the biocompatibility and affinity 
of the scaffold, but also on the seeding techniques. Current seeding techniques such 
as centrifugation and perfusion have enhanced better cell seeding, but still have their 
limitations. How to seed cells more efficiently and uniformly, especially in the inner 
parts of the scaffolds, and with no impairment to the cells, has been one of the major 
challenges in using porous scaffolds for tissue engineering. Low pressure seeding meets 
the above requirements and can easily be integrated into other seeding systems. Here 
we review, based on the literature, and discuss the feasibility and application of this low 
pressure system to promote tissue regeneration.

Keywords: Cell seeding, low pressure system, porous scaffold, tissue engineering

1. Application of low pressure cell seeding system in 
tissue engineering

Three-dimensional (3D) porous scaffolds are widely 
used in tissue engineering. With the development of 
material science and engineering, these 3D scaffolds 
greatly improved the efficiency of tissue regeneration of 
bone, cartilage, nerve, skin, etc. (1-4), especially when 
they are made from biodegradable biomaterials such 
as β-tricalcium phosphate (β-TCP), collagen, gelatin, 
fibrin, poly(glycolic acid), and poly(lactic acid). The 
porosity of the scaffolds enhances conductivity for 
the cells and the culture medium containing growth 
factors, promotes the proliferation and distribution of 
cells through the connected pores of the scaffolds, and 
accelerates the degradation of biomaterials. The results 

of experiments using porous 3D scaffolds have shown 
great superiority over solid scaffolds, in which the 
cells could be cultured only on the surface. However, 
it has been found that there are not as many cells in 
the inner parts of the scaffolds as anticipated, and the 
regenerated tissue only presents in the superficial layer 
of the scaffolds. In addition, cell distribution throughout 
the scaffolds is far from uniform, and the center areas 
of the scaffolds are often found to contain few cells 
(5,6). How to improve cell seeding and how to make 
it efficient and uniform, especially in the inner parts of 
porous scaffolds, has been one of the key challenges in 
using porous scaffolds for tissue engineering.
 Current 3D porous scaffold seeding techniques 
include static seeding, centrifugation seeding, perfusion 
seeding, rotary seeding and combinations of these 
techniques (5-9). Static seeding is most frequently 
used because of its simplicity and the low requirement 
for equipments other than a pipette. However, the 
efficiency of static seeding is always low even with an 
excellent biocompatible scaffold and big pores as is 
shown in Figure 1. Dai et al. (10) reported that when 
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combining human bone marrow mesenchymal stem 
cells with 75% porous β-TCP for bone regeneration, the 
cell distribution in the TCP center checked by scanning 
electron microscopy was very low, and that results 
were even worse when the size of the TCP blocks was 
over 5 mm. Figallo et al. (11) obtained similar results 
when seeding human fibroblasts onto micropatterned 
hyaluronic acid 3D scaffold. These findings have 
prompted the development of other new methods for 
cell seeding.
 In centrifugation seeding, a moderate centrifugal 
force is applied during the seeding process. A result was 
reported by Dar et al. of a rather uniform distribution 
of cardiomyocytes throughout 3D alginate scaffolds 
during cardiac tissue engineering, with a volume cell 
density above 60% (12). Mironov et al. approached 
the maximum possible volume density (65.6%) based 
on theoretical sphere packing models using an in 
situ cross-linkable hyaluronan (HA)-based synthetic 
extracellular matrix (sECM) (13). These results were 
encouraging. Nevertheless, there was a very important 
issue to be resolved. That is, how do cells survive and 
function normally after centrifugation? Is centrifugation 
detrimental to cells and could this method be applied 
to other materials, including inflexible ones? During 
centrifugation, the orientation of the scaffold is always 
difficult to control especially because when the scaffold 
pieces are small they tend to stack together and overlap 
with each other. This does not allow a satisfactory 
distribution of homogeneous cells.
 In perfusion seeding, a continuous cell suspension 
perfusion is applied through 3D scaffold pores using 
bioreactors to assist in cell infiltration and to aid in 
nutrition. Although significant improvements have 
been achieved in seeding efficiency, uniformity, and 
viability (14,15), the use of a bioreactor always involves 
cumbersome equipment and the scaffolds usually need 

a specific design to match the bioreactor, which is 
troublesome in most cases.
 What hinders cell penetration into scaffolds? 
Factors vary in different studies such as pore size 
and interconnectivity of the scaffold, cell density of 
the suspension, and biocompatibility between cell 
and scaffold. However, when 3D porous biomaterials 
are used, one very important thing that prevents cell 
penetration is the presence of air in the pores of the 
scaffold, which can explain the reason why static 
seeding cannot yield satisfactory results no matter what 
scaffold or cell line is used. In addition, the surface 
tension produced at the air/culture medium interface 
also keeps the cells from easily infiltrating into the inner 
parts. In centrifugation or bioreactor perfusion seeding, 
most of the air in the pores is drawn out and enables 
entry of the cell suspension; any possible surface 
tension eliminated at the same time also contributes to 
the promotion of seeding efficiency. Therefore, the most 
important issue is to discover how we can manage to do 
this without requiring the use of complex equipment, 
and how we can apply the method to most scaffolds and 
cell lines. Presumably a low-pressure method will help 
to achieve this goal.
 Low-pressure has been frequently used in tissue 
engineering, usually for the degassing of scaffolds 
before further treating such as with bio-coatings. This 
method had also started to be used in cell seeding. 
As was described by several researchers (16,19), a 
hypothetical low-pressure cell seeding system could 
simply consist of a vacuum pump with a controller and 
a vacuum desiccator. The 3D porous scaffolds and the 
cell suspension are mixed into dishes, and the dishes 
are put into sterilized vacuum desiccators immediately. 
Then low pressure is produced by the pump to draw 
the air in the materials out by pressure difference, and 
to eliminate any surface tension produced by the air/
culture medium interface, as is illustrated in Figure 2. 
This method enhanced cell seeding and infiltration in 
our research using bovine articular chondrocytes and 
a porous PLGA/collagen hybrid scaffold for cartilage 

Figure 1. HE staining of bovine articular chondrocytes seeded on 
the porous collagen scaffold, cultured for 2 weeks. Cells grow only 
on the superficial layer of the scaffold.

Figure 2. Schematic diagram of cell-seeding on 3D porous scaffolds 
in normal and low pressure conditions.
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tissue engineering, as is shown in Figure 3. The overall 
processing time is quite short, and the cell/scaffold 
composites could be moved out for further culture 
or treatment. This method is simple, convenient, and 
possibly universal for most tissue engineering research.
 In 2001, Dong et al. (16) developed this low pressure 
seeding system, examined the relationship between 
pressure and cell seeding efficiency, and revealed that 
maximum cell seeding was achieved under a pressure of 
100 mmHg. The long term in vivo effect of this method 
was also observed. MSCs/porous HA composites built 
with a pressure of 100 mmHg were transplanted into 
subcutaneous sites of rats and harvested for histological 
examination for 26 weeks. New bone formation was 
greatly promoted compared to composites built under 
normal atmospheric pressure (16,17). Torigoe et al. (18) 
in 2007 modified this system for bone regeneration and 
also obtained positive results compared to conventional 
seeding methods. Moreover, they examined the effect 
of various low-pressure conditions (50-760 mmHg) 
and various processing periods (1-10 min) on the 
proliferative and osteogenic capabilities of bone 
marrow-derived rat stromal cells. Interestingly, the 
optimal pressure of these two experiments was different, 
which might be due to the different pore diameters and 
the overall size of the scaffolds used. In 2008, Lin et 
al. (19) applied this method when co-culturing vascular 
endothelial cells with mesenchymal stem cells on 
porous β-TCP to promote vascularization of bone tissue 
engineering. They found many more new capillary 
vessels formed in the center areas and osteogenesis was 
enhanced at the same time, which indicated that low-
pressure could be a fit for vascular endothelial cells and 
may improve angiogenesis of tissue engineering.
 Low pressure cell seeding can also be integrated into 
other seeding systems such as perfusion, centrifugation 
or bioreactor systems, to better promote seeding 
efficiency. Wang et al. (20) reported in 2006 that low 

218

pressure seeding of bone marrow stromal cells on β-TCP, 
together with medium perfusion can produce more 
uniform and extensive new bone formation in bone 
tissue engineering. Combinations of different seeding 
methods and utilization of other techniques to facilitate 
cell seeding such as surface modification of scaffolds 
could be a principle strategy in tissue engineering in the 
future (21-23).
 On the other hand, in spite of the recent advances, 
there are still some important issues left to be 
investigated further. First, the fate of the cells after 
treatment with low pressure should be followed, 
especially the long term effects on cell differentiation 
or de-differentiation, and cell function. Second, the 
safety issue is also critical. Cell viability after low 
pressure treatment, and possible genetic mutation and 
carcinogenesis should be addressed. Third, the problem 
of how to combine low pressure with other methods 
more effectively also involves further understanding of 
the seeding mechanisms and elaborate designs of these 
systems.

2. Conclusions

An ideal method for cell seeding should not only yield 
efficient and uniform cell distribution throughout the 
scaffold but also should not impair cells. If such a 
method does not need complicated equipment, is easy 
to carry out, is universal for all kinds of scaffolds and 
cell lines, and can be integrated with other methods, it 
will surely enhance tissue engineering and promote the 
efficiency of regenerative medicine.
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Summary MUC1, membrane-associated mucins, has various types based on different glycoforms 
in its extracellular domain and is widely expressed in gastrointestinal tissues. Many 
investigations have showed that aberrant expression of MUC1 in gastrointestinal cancer 
tissue has clinicopathological and biological importance in cancer disease. KL-6 mucin, 
one kind of MUC1, was also investigated and suggested to have a significant relationship 
with a worse tumor behavior especially cancer cell invasion and metastasis in various 
gastrointestinal cancers. On the other hand, clinicopathological availability of KL-6 mucin 
varied among each gastrointestinal cancer. In colorectal and gastric cancer, circumferential 
membrane and/or cytoplasmic localization of KL-6 mucin were frequently detected in the 
cancer tissue of patients with the presence of deeper invasion and lymph node metastasis 
of cancer cells. Therefore, the subcellular localization of KL-6 mucin in cancer tissues 
can be used for predicting a worse outcome for patients. In primary liver cancer, KL-6 
mucin expression was detected in cholangiocarcinoma but not in hepatocellular carcinoma 
tissues. Therefore, it can be used as a good marker for discriminating cholangiocarcinoma 
from hepatocellular carcinoma. While various significant clinicopathological detections 
were clarified, the nature of KL-6 mucin is not yet clearly known. Alteration in expression 
or glycoform of KL-6 mucin is suggested to influence the invasive and adhesive ability of 
cancer cells. To clarify the characteristics and biological functions of KL-6 mucin in cancer 
disease, the clinical applications and study of this antigen is expected to be expanded.

Keywords: Tumor marker, MUC1, KL-6, gastrointestinal cancer, hepatic cancer

1. Introduction: What is KL-6 mucin?

Invasion and metastasis have been the main malignant 
factors of cancer medicine in spite of the development 
of therapeutic technology including surgery. A 
number of studies have been performed to clarify the 

mechanism of these events from various perspectives 
and have produced innovations for cancer therapy such 
as the development of new anticancer drugs.
 Carbohydrate moieties on cell surfaces change 
dramatically during oncogenesis (1). In particular, 
sialylation, the moiety of silalic acid, is considered 
to play an important role in tumor progression, and 
some studies suggest that aberrant expression of 
sialoglycoconjugates might relate to the process of 
metastasis such as the decline of adhesiveness (2,3). 
In Japan, various sialic acid-related antigens are 
clinically available as markers for screening patients 
with gastrointestinal cancers (Table 1). Histochemical 

Review



www.biosciencetrends.com

BioScience Trends. 2009; 3(6):220-232.221

studies with sialic acid-binding lectins and/or antibodies 
against sialylated carbohydrate antigens also showed 
that sialylation of glycoconjugates on the surface 
of tumor cells is thought to contribute to tumor 
progression and metastasis (17-20). Overexpression 
of sialoglycoconjugates, or some specific structures 
of sialo-oligosaccharides, has important functions in 
cancer cell metastasis such as attachment to endothelial 
cells at a metastatic site while its clinical application is 
still being investigated.
 Mucins  a re  la rge  g lycoprote ins  wi th  h igh 
carbohydrate content and marked diversity both in 
the apoprotein and in the oligosaccharide moieties 
(21). MUC1 mucin, one kind of mucin glycoprotein, 
is abundantly expressed at the surface of epithelial 
cells in many tissues (22,23). Because the MUC1 
molecule has sialic acid-containing oligosaccharides 
in a highly O-glycosylated tandem-repeat domain, the 
structure has a wide range and some kinds have a large 
molecular weight (24,25). In normal cells, MUC1 is 
known to interact with various molecules and seems to 
influence various physiological or biochemical events, 
for example, diminishing immune response (26). 
Development of various kinds of antibodies against 
MUC1 has been helpful for detecting MUC1 expression 
histologically or serologically. MUC1 expression 
was also observed in carcinomas that arise in various 
gastrointestinal organs, and its overexpression as well as 
overall sialoglycoconjugates was suggested to associate 
with invasive and metastatic potency of several 
adenocarcinomas (27-31). The core peptide of MUC1 
had significant functions in tumor metastasis (32), and 
histochemical overexpression of the core peptide of 
MUC1 also indicated a worse prognosis for various 
cancer patients (33). However, the MUC1 molecule has 
many oligosaccharides in the extracellular domain as 

described previously, and these oligosaccharide moieties 
have a great deal of variety. Therefore, the qualitative 
change of oligosaccharides in MUC1 has great 
importance. Although the processing of the full length 
MUC1 core protein is similar in both normal and tumor 
cells, there is a remarkable diversity in oligosaccharide 
moieties between normal and cancer cells (34,35). 
Thus, it has been considered to be important to detect 
the specifically structured MUC1 in cancer cells and to 
clarify its role and clinical significance.
 KL-6 mucin is a type of MUC1 mucin, recognized 
by a murine monoclonal antibody (mAb). KL-6 
antibody, was obtained by Kohno et al .  from a 
hybridoma established from BALB/c mouse splenocytes 
immunized with a human pulmonary adenocarcinoma 
cell line, VMRC-LCR (36,37). Biochemical analyses 
displayed that the molecular weight of KL-6 mucin 
was over 200 kDa because of a large amount of 
carbohydrate content (38). Histochemical expression of 
KL-6 has been observed not only in adenocarcinoma of 
the lung but also in various cancer cell lines, secretory 
epithelial tissues lining the respiratory, reproductive, 
gastrointestinal tracts, and bile duct, and carcinoma 
tissues (36,37). A well-investigated expression of KL-6 
mucin in normal tissues is its presence on the surface 
of type II pneumocytes, and circulating KL-6 mucin 
in serum is likely derived from this expression (39). 
Past studies clarified that the serum KL-6 mucin level 
was significantly elevated in patients with interstitial 
pneumonitis compared with other pulmonary diseases, 
and that this elevation clinically correlated to interstitial 
pneumonitis activity (39-42). Thus KL-6 has been 
shown to be an effective serum marker for diagnosing 
behavior of interstitial lung disease and is currently used 
in clinical practice.
 Although overexpression of MUC1 was showed in 

Table 1. Clinically available gastrointestinal tumor markers related to sialic acid

Tumor marker

CEA 

Sialyl-Lea

Sialyl-Lex

Sialyl-Lec

Sialyl Tn

CA125

Characteristics

180 kDa sialoglycoconjugates with 24~26 oligosaccharide chains. Serological level is elevated in 
patients with various gastrointestinal cancers.

CA19-9, CA50, KMO1, and Span-1 antigens are detected by mAb recognizing sialyl-Lea-related 
structure. Serological levels of these antigens are elevated in patients with various gastrointestinal 
cancers.

SLX and NCC-ST-439 antigens are detected by mAb recognizing sialyl-Lex-related structure. 
Serological levels of these antigens are elevated in patients with various gastrointestinal cancers.

DUPAN-2 antigen is detected by mAb recognizing sialyl-Lec-related structure. Serological level is 
elevated in patients with hepatobiliary and pancreatic cancers.

STN and CA72-4 antigens are detected by mAb recognizing sialyl Tn-related structure. Serological 
levels of these antigens are elevated in patients with various gastrointestinal cancers

CA125 antigen is MUC16, transmembranous mucin carrying sialo-oligosaccharides. Serological 
level is elevated significantly in patients with ovarian and uterus cancer but also elevated in 
hepatobiliary and pancreatic cancers.

Ref.

4,5 

6-9

10,11

9,12

13,14

15,16

Abbreviations: CA, carbohydrate antigen; CEA, carcinoembryonic antigen;  mAb, monoclonal antibody; sialyl-Lea, sialyl-Lewis a; sialyl-Lec, 
sialyl-Lewis c; sialyl-Lex, sialyl-Lewis x.
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many studies as previously described, the significance 
of KL-6 mucin in cancer diseases was also investigated. 
Kohno, the developer of KL-6 mAb, noted that the 
serum level of KL-6 mucin was elevated in pulmonary, 
breast, and pancreatic adenocarcinoma patients (36). 
Elevation of KL-6 mucin in serum was significantly 
associated with the behavior of breast cancer (43) 
or lung cancer (44). Moreover, the latest studies 
analyzed tissue expression of KL-6 mucin in various 
gastrointestinal cancers and suggested a relationship 
between its overexpression and a worse tumor behavior. 
The effectiveness of detecting MUC1 by KL-6 mAb is 
that the epitope of KL-6 mAb is a sialo-oligosaccharide-
related structure. Since sialo-oligosaccharide moieties 
are exposed on mucin molecules, KL-6 antibody 
could effectively recognize the mucin without 
epitope masking as Cao et al. indicated with several 
antibodies against peptide epitopes of MUC1 (45). 
Although sialoglycoconjugates or MUC1 have been 
well-investigated and suggested to have significance 
in tumor behavior, research using KL-6 mAb have 
developed new findings in this field. In this article, we 
review the histochemical expression of KL-6 mucin 
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in gastrointestinal, hepatic and pancreatic cancers 
while focusing on its clinicopathological significance. 
Expression profiles of KL-6 mucin in these cancer 
tissues are summarized in Table 2.

2. Ampullary cancer

Clinicopathological significance of sialoglycoconjugates 
has been studied in ampullary cancer,  but the 
accumulated evidence is still inadequate because of the 
rarity of the lesions. Histochemical studies using sialic 
acid-binding lectins showed that expression of α2,3-
linked sialoglycoconjugates had clinicopathological 
significance and lymph node metastasis (46). Some 
previous studies have indicated that ampullary cancer 
has a heterogeneous expression pattern of mucin 
glycoproteins including MUC1 (47,48). Paulsen et al. 
showed that the expression of MUC1 protein was not 
detected in ampulla of Vater and duodenum tissues 
while MUC1 mRNA was positive (49). However, since 
anti-MUC1 mAb against the specific core peptide 
sequence of MUC1 was used in that study, the highly 
glycosylated MUC1 might be undetectable. A detailed 

Table 2. Expression profi le of KL-6 mucin in gastrointestinal, hepatic and pancreatic tissues

Organ and tissue

Stomach

    Normal epithelium

    Cancer

Ampulla of Vater

    Normal epithelium

    Cancer

Colon

    Normal epithelium

    Cancer

Liver

    Normal parenchyma

    Normal bile duct

    HCC

    CC

    Metastatic cancer

Pancreas

    Normal duct

    Ductal cancer

    IPMT

KL-6 mucin expression

Positive in fundus gland.

Negative/positive in apical surface/positive in circumferential membrane and cytoplasm. Circumferential membrane 
and cytoplasmic expression was related to malignant behavior.

Negative.

Negative/Positive. Positive expression was related to malignant behavior.

Negative.

Negative/positive in apical surface/positive in circumferential membrane and cytoplasm. Circumferential membrane 
and cytoplasmic expression was related to malignant behavior.

Negative.

Positive on apical surface of bile duct cells.

Negative.

Positive. All analyzed specimens showed circumferential membrane and cytoplasmic expression. In cHCC-CC 
tissues, only CC components showed circumferential membrane and cytoplasmic expression.

Positive in circumferential membrane and cytoplasm. This profile was matched with that in each primary CRC 
tissue.

Positive.

Positive. All analyzed specimens were positive.

Negative/Positive. The relationship between the expression profile and clinicopathological characteristics is still 
unclear.

Abbreviations: CC, cholangiocarcinoma; HCC, hepatocellular carcinoma; IPMT, intraductal papillary-mucinous tumors.
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profile of MUC1 expression in ampullary cancer tissues 
was analyzed in a few studies. Gürbüz et al. showed 
that 72.7% of ampullary cancer tissues were positive 
for MUC1 expression, and they used the anti-MUC1 
mAb of which the epitope was sialo-oligosaccharide 
(50). Zhou et al. divided ampullary cancer into 3 groups 
(intestinal type, pancreaticobiliary type and other) on 
the basis of cancer origin and analyzed the expression of 
various cancer-related antigens (51). In their results, the 
expression of MUC1 was detected in all differentiation 
types but there was no significant difference between 
the intestinal type and pancreaticobiliary type, 
and there was no relationship to patients' survival. 
However, in another study, a different profile of MUC1 
expression was shown between intestinal type and 
pancreaticobiliary type though the number of cases was 
small (52). Thus, the expression profile of MUC1 in 
ampullary cancer tissues is controversial, and clinical 
availability of MUC1 in ampullary cancer is considered 
to be low.
 On the basis of these investigations, an immuno-
histochemical analysis of ampullary cancer was 
performed using KL-6 mAb (53). Positive staining 
was obtained in 68.4% of all cases in ampullary cancer 
tissues but not in non-cancerous tissues (Figure 1), 
and a remarkable expression of KL-6 was found in 
invasive carcinoma cells in pancreatic and duodenal 
tissues and in metastatic carcinoma cells in lymph 
nodes. This study revealed that positive KL-6 mucin 
expression was significantly related to lymph node 
metastasis, pancreatic invasion, duodenal invasion, and 
the advanced stages of TNM clinical classification of 
ampullary cancer. Prognosis of the patients showing 
positive KL-6 mucin expression (5-year survival rate; 
30.8%) was significantly poorer than those without 
KL-6 mucin expression (5-year survival rate; 75.0%). 
Therefore, this study suggested that histochemical 
analyses of preoperatively biopsied tissues using 
KL-6 mAb might be helpful in the assessment of the 
development of lymph node metastasis, pancreatic 
invasion, and duodenal invasion, which would 
increase the physician's ability to determine operative 
procedures or predict prognosis for individual patients. 
Although the clinicopathological significance of MUC1 
was not clearly suggested in previous studies, KL-6 
mucin is worth investigating to clarify availability as a 
diagnostic marker for ampullary cancer.

3. Primary colorectal cancer and its metastatic cancer

Concerning colorectal cancer (CRC), several sialo-
glycoconjugates have been used in clinical medicine as 
tumor markers, especially carcinoembryonic antigen 
(CEA) and carbohydrate antigen (CA) 19-9 (54-57). 
Sialo-oligosaccharides and sialoglycoconjugates 
including CEA and CA19-9 have been well-investigated 
in CRC and those molecules are considered to have 

important functions in cell adhesion and cell migration. 
In clinicopathological studies, overexpression of 
molecules which contains sialo-oligosaccharides 
was frequently detected in cancer tissues or serum 
of CRC patients and suggested to have a significant 
relation to CRC behavior. The expression profile of 
overall sialoglycoconjugates has also been analyzed 
by lectin-immunohistochemistry, and α2,6-linked 
sialoglycoconjugates (recognized by SNA lectin) were 
significantly related to the presence of cancer cell 
invasion and lymph node metastasis (58). Antibodies 
against various kinds of sialo-oligosaccharides have 
been established and have been applied to detect the 
expression profile of sialoglycoconjugates in CRC. 
The well-investigated sialo-oligosaccharides are sialyl-
Lewis x (sialyl-Lex) antigen, sialyl-Lewis a (sialyl-
Lea) antigen and sialyl-Tn antigen. Nakagoe et al. 
demonstrated in their immunohistochemical study that 
overexpression of sialyl-Lex antigen in CRC tissues 
was suggested as a predictor of cancer recurrence in 
patients with CRC without lymph node metastasis (59). 
In a serological study, elevated serum levels of sialyl-
Lex antigen and sialyl-Lea antigen (identical with CA 
19-9) as well as serum CEA levels suggested lymph 
node metastasis, distant metastasis and an advanced 
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Figure 1 .  Histochemical  expression of  KL-6 mucin in 
noncancerous (A) and cancerous (B) tissues in ampulla of Vater. 
Original magnification ×200.
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stage of CRC (60). Overexpression of sialyl-Tn antigen 
in CRC tissues and CRC patients' serum also suggested 
prognostic factors in patients with advanced CRC 
(61). However, results that showed clinicopathological 
significance of these sialo-oligosaccharide antigens 
varied among studies. Thus, sensitivity and specificity 
of these antigens as the prognostic marker for CRC 
patients are considered to be insufficient though 
these antigens have important functions in cancer 
progression, especially in the process of metastasis.
 Multiple studies on MUC1 expression in CRC 
have also been performed and investigated for clinical 
significance and relationships to other molecules 
(62,63). Histochemical studies focusing on the tandem-
repeat domain of MUC1 suggested that CRC cells 
expressing high levels of MUC1 have increased 
invasive and metastatic potential (26). An increased 
percentage of MUC1 staining was frequently detected in 
advanced cancer patients and related to poorer survival 
of CRC patients (64). Histochemical studies analyzing 
the distribution of MUC1 and β-catenin clarified that 
MUC1 expression was observed at the tumor center 
and at the invasion front in over 50% of CRC tissues, 
and coexpression with β-catenin at the invasion 
front was also detected (65). However, some reports 
indicated that there was no significant relationship 
between MUC1 expression and worse tumor behavior. 
The histochemical analysis of MUC1 and MUC2 in 
CRC of African-American and Caucasian patients 
showed that the expression of MUC1 was detected 
more frequently in advanced cancer patients but was 
not significantly related to various clinicopathological 
features (66). Although it is clear that MUC1 is 
important for cancer progression, especially cancer cell 
invasion and metastasis of CRC, current evidence is 
insufficient to indicate the appearance of MUC1 as an 
independent clinicopathological marker. However, it is 
suggested that some specific kinds of MUC1 especially 
hyperglycosylated MUC1 is aberrantly expressed in 
CRC tissues but not in normal colorectal tissues. Thus, 
detecting some specific kinds of MUC1 can be used as 
a clinicopathological marker.
 A recent immunohistochemical study of MUC1 
in CRC was also carried out using KL-6 mAb (67). 
Because KL-6 mucin is thought to be sialylated or 
hyperglycosylated MUC1, it was expected that it would 
detect the different expression profile of MUC1 from 
the previous immunohistochemical studies of MUC1. 
As a result, positive staining was detected in CRC 
tissues and not in surrounding normal tissues. But this 
overall expression level had no clinicopathological 
significance, and this result was similar to previous 
histochemical studies of MUC1 in CRC. This study 
also focused on the subcellular localization of KL-6 
mucin in CRC cells and classified the analyzed CRC 
patients into 3 groups: no expression (6/82, 7.3%), 
expression at apical surface of membrane (29/82, 

35.4%), and expression at circumferential membrane 
and/or cytoplasm (47/82, 57.3%) as shown in Figure 
2. Circumferential membrane and/or cytoplasmic 
localization of KL-6 mucin was correlated with the 
worse behavior of CRC, such as lymphatic vessel 
invasion, venous invasion, lymph node metastasis, and 
the advanced TNM stage. Five-year survival rate of 
patients who showed circumferential membrane and/or 
cytoplasmic localization of KL-6 mucin was 63.8%, 
and this was significantly lower than patients who 

Figure 2. Subcellular localization of KL-6 mucin in CRC tissues. 
Expression profile of KL-6 mucin was categorized into 3 patterns; no 
expression (A), positive expression on apical surface of membrane 
(B) and positive expression in circumferential membrane and/or 
cytoplasm of cancer cells (C). Original magnification ×200.
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showed no expression or apical membrane localization. 
This study suggested that subcellular localization 
of KL-6 mucin might have a significant role in 
cancer progression of CRC, especially metastasis to 
other tissues, and might be a useful histochemical 
marker for diagnosing tumor behavior of CRC and 
patients' prognosis. Although various kinds of sialo-
oligosaccharides and sialoglycoconjugates were 
well-investigated these biological functions for CRC 
progression, the aberrant expression of KL-6 mucin, 
one of sialylated or hyperglycosylated MUC1, in the 
circumferential membrane and/or cytoplasm may be 
an important indicator for liver metastasis of colorectal 
carcinoma.
 Moreover, expression of KL-6 mucin was also 
analyzed in metastatic liver cancer tissues (68). The 
results indicated that all examined cases were positive 
for circumferential membrane and/or cytoplasmic 
localization of KL-6 mucin, and suggested that 
metastatic lesions of CRC still  retain primary 
pathological characteristics (Figure 3). On the other 
hand, no staining for KL-6 mucin was observed in 
any studied cases of hepatocellular carcinoma (HCC) 
tissues and the surrounding normal liver tissues. 
Therefore, histochemical evaluation of KL-6 mucin 
expression may also be helpful in distinguishing the 
pseudoglandular type of HCC from metastatic liver 
cancer. However, further examination of a larger 
population including both primary colorectal carcinoma 
and corresponding metastatic lesions should be 
performed to understand the clinical significance of 
KL-6 mucin with regard to the metastatic potency of 
individual tumors.

4. Primary liver cancer

Primary liver cancer can be classified as HCC and 
intrahepatic cholangiocarcinoma (CC). Previous studies 
showed that HCC and CC have different etiologic, 
epidemiologic, and clinical characteristics (69,70). The 
prognosis of CC patients is much worse than that of 
HCC patients and the latest reports indicated that the 
overall 5-year survival rate varied from 17 to 40% (71). 
Thus, diagnosis of CC in the earlier stages to distinguish 
it from HCC is important to improve the patients' 
prognosis. Furthermore, there is combined HCC and 
CC (cHCC-CC) although the number of these cancer 
patients is suggested to be approximately 5% of all liver 
cancers (72). Several reports showed that the prognosis 
of cHCC-CC patients was significantly poor as well as 
CC compared with HCC (73-75). Clinicopathological 
characteristics of cHCC-CC are suggested to be similar 
to patients with CC but this is controversial (75-77). 
The distribution of the CC and HCC components in 
cHCC-CC tissue, therefore, should be determined for 
assessment of the clinicopathological characteristics to 
select the best treatment of cHCC-CC patients.

 Various studies have been performed to clarify 
the specific characteristics of CC for the purpose of 
discriminating it from HCC. In particular, hepatocyte 
paraffin 1 (Hep par 1) and cytokeratin 7 (CK7) are 
well-used antigens to discriminate hepatocytes and 
cholangiocytes, and it was suggested that these antigens 
were effective (78-81). But there is still a problem 
that the sensitivity and the specificity to distinguish 
between CC and HCC are insufficient. Investigations 
of sialoglycoconjugate expression, particularly CEA 
expression in CC, were also performed (70,81). 
The positive rate of CEA in CC (22%) was low 
compared with metastatic adenocarcinoma (62%) 
although HCC was not positive (81). Another study 
analyzed the histochemical expression of α2,6-linked 
sialoglycoconjugates and showed that its expression 
profile was changed between normal liver and HCC 
tissues but did not mention its clinical significance (82). 
Although this altered expression of silagoglycoconjugates 
might have some importance in the progression of CC, 
no clinicopathological significance has been clarified 
in these sialo-glycoconjugates. Thus, there were few 
effective molecules reported that can clearly discriminate 
CC from HCC.
 Investigations targeting the expression of mucin 
glycoprotein in CC have also been performed. Sasaki 
et al. studied the expression of various kinds of mucin 
glycoproteins in CC and cHCC-CC tissues and clarified 
that MUC1 glycoprotein was extensively expressed 
in CC tissues and was also detected in CC regions 
of cHCC-CC tissues (83). Matsumura et al. reported 
that clinicopathological significance of cytoplasmic 
expression of MUC1 core protein in CC tissues was 
related to lymph node metastasis and poor survival of 
patients (84). In immunohistochemical analyses using 
several different antibodies that recognize MUC1 
core peptide sequence or highly sialylated MUC1 

Figure 3. Subcellular localization of KL-6 mucin in metastatic 
liver cancer tissues. Histochemical staining was observed in 
circumferential membrane and/or cytoplasm of metastatic cancer 
cells (right side of picture). Hepatic parenchymal cells surrounding 
cancer tissue showed negative expression of KL-6 mucin (left side of 
picture). Original magnification ×200.
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glycoprotein, the results indicated that positive staining 
of MUC1 was significantly related to a worse prognosis 
for CC patients regardless of the glycosylation degree 
of MUC1 (85). Thus, these investigations suggested 
that the overexpression of MUC1 glycoprotein in 
CC tissues might be related to some unfavorable 
clinicopathological features such as lymph node 
metastasis and be able to use this expression as a 
prognostic marker for CC patients. On the other 
hand, several studies showed the clinicopathological 
importance of MUC1 in HCC tissues. Yamamoto et al. 
showed that the expression of MUC1 core protein at the 
luminal surface membrane of tumor cells was detected 
frequently in HCC tissues while the cytoplasmic 
expression had no significance (86). Yuan et al. 
indicated that the expression of MUC1 glycoprotein 
had no significant difference between HCC and CC, 
but the strong expression of MUC1 was significantly 
related to lymph node metastasis and tumor recurrence 
(87). According to these studies, the expression profile 
of MUC1 has clinicopathological significance to detect 
unfavorable behavior of primary liver cancers but is not 
useable as a marker to discriminate CC from HCC.
 Tang et al. performed immunohistochemical analyses 
of KL-6 mucin in HCC and CC tissues (88). This report 
showed that KL-6 staining was positive in all of the CC 
tissues examined, while it was not positive in any of the 
HCC tissues or normal hepatic parenchyma examined 
(Figures 4A and B). Interestingly, a similar selective 
pattern of KL-6 staining was also found in cHCC-
CC tissues, and the cholangiocellular areas could be 
clearly detected by using KL-6 (Figure 5). Thus, KL-6 
mucin was suggested to be an effective marker for 
separating CC from HCC in resected or biopsied liver 
tissues. Moreover, the same study showed that 79.5% 
of HCC specimens and 66.7% of cHCC-CC specimens 
were positive for Hep1 expression in the HCC tissues 
and areas, respectively, while none of the CC tissues 
and CC areas of cHCC-CC specimens were positive. 
On the other hand, staining for CK7 was observed in 
95.2% of CC specimens and 35.9% of HCC specimens, 
although it was faint in some of the HCC specimens. 
Also, 58.3 and 25.0% of the cHCC-CC specimens were 
positive for CK7 in the CC and HCC areas, respectively. 
Conclusively, the report suggested that KL-6 mucin 
might be more effective for differentiating CC from HCC 
than the combination of Hep1 and CK7. In addition, 
KL-6 mucin was positive in the cholangiocellular tissues 
but not in the hepatocellular tissues of cHCC-CC, so this 
antibody may be useful to detect the cholangiocellular 
component of cHCC-CC and provide pathological 
information for selecting clinical strategy.

5. Gastric cancer

Expression of overall sialoglycoconjugates in gastric 
cancer tissues was investigated by immunohistochemistry. 

Overexpression of α2,3-linked sialoglycoconjugates 
that was detected only in cancerous tissues but not in 
normal gastric mucosa had a significant relationship to 
the presence of cancer cell invasion and lymph node 
metastasis (20). This overexpression was nominated 
as an independent prognostic factor alongside the 
deeper invasion of cancer cells and the presence of 
venous invasion. This result showed different evidence 
from CRC that many studies indicated significant 
expression of α2,6-linked sialoglycoconjugates as 
described before. α2,6-linked sialoglycoconjugates 
were also detected in gastric cancer tissues as well as 
normal mucosa but not related to clinicopathological 
parameters. Histological differentiation of gastric 
and colorectal mucosa is considered to cause the 
clinicopathological difference between α2,3- and α2,6-
linked, but it is still under investigation. On the other 
hand, several researchers indicated that sialyl-Lex and 
sialyl-Lea antigens were frequently detected in patients 
with lymphatic invasion and lymph node metastasis, 
and particularly related to the incidence of liver 
metastasis (89-92). The significant relation between 
overexpression of sialyl-Lex antigen and a worse tumor 
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Figure 4. Histochemical expression of KL-6 mucin in primary 
liver cancer tissues. Positive expression was observed in CC 
tissues (A) but not in HCC tissues (left side of B). Surrounding 
noncancerous hepatic cells displayed negative expression of KL-6 
mucin except for luminal surface of bile duct (right side of B). 
Original magnification ×200.
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outcome was also observed in patients with stage 0 to 
II gastric cancer (93). Thus, overexpression of these 
sialo-oligosaccharides in gastric cancer cells can be 
predictable for a worse result for patients with overall 
gastric cancer. As described before, these specific sialo-
oligosaccharides have various functions in cancer cell 
metastasis, especially attachment to endothelial cells 
at metastatic sites. Overexpression of these sialo-
oligosaccharides might perform the same role in 
cancer cell metastasis in gastric cancer as CRC. But 
Ikeda et al. reported that expression of sialyl-related 
antigens including sialyl-Lex and sialyl-Lea antigens 
was detected heterogeneously in primary and metastatic 
lesions (94). Further studies are needed to clarify the 
biological effect of sialo-oligosaccharides in gastric 
cancer cells.
 The expression profile of MUC1 has been well-
investigated in gastric cancer as well as CRC. Many 
immunohistochemical studies analyzed the expression 
profile of MUC1 along with other mucins such as 
MUC2, MUC3 and MUC5AC, and compared the 
clinicopathological significance. MUC1 was frequently 
expressed in the antrum and superficial foveolar 
epithelium in normal tissue, whereas various expression 
profiles of MUC1 were observed in gastric cancer 
tissues. Most of the studies regarding MUC1 showed 
overexpression of MUC1 was an unfavorable marker 
in gastric cancer. Aberrant expression of MUC1 was 
frequently observed in Lauren's intestinal type of 
gastric cancer (95,96) or in glandular-forming types of 

gastric cancer (97). Clinicopathological analyses were 
performed and showed that expression of MUC1 was 
significantly related to deeper invasion of cancer cells, 
the presence of lymphatic invasion and lymph node 
metastasis (98-100). This MUC1 expression is also 
suggested to be an independent prognostic factor for 
gastric cancer patients, but it is controversial. The latest 
study analyzed the expression of KL-6 mucin in gastric 
cancer tissues and observed its localization in the apical 
surface and/or cytoplasm of cancer cells like CRC 
cells (unpublished data), but its clinicopathological 
importance is still unclear. Because MUC1 is an 
insufficient prognostic factor independently, the results 
of expression profiles of plural mucins were combined 
and its clinicopathological significance was analyzed. 
Each kind of mucin has a distinct expression profile 
and the combination therefore resulted in a unique 
parameter. Utsunomiya et al. showed that MUC1 
expression was related to a worse outcome while MUC2 
expression was correlated with a favorable outcome and 
suggested the combined effectiveness of measurement 
of these mucins as a prognostic predictor (101). Wang 
et al. indicated that patients with a MUC1-positive and 
MUC5AC-negative profile showed the worst prognosis 
(102). Furthermore, the combination of MUC1 and 
some other functional proteins such as E-cadherin and 
β-catenin were also analyzed. As a result, patients with 
positive expression of MUC1 and abnormal E-cadherin 
had a significantly poorer prognosis (103). Because 
gastric cancer has various types of tissue differentiation 

Figure 5. Histochemical expression of KL-6 mucin in cHCC-CC tissues. Positive expression in circumferential membrane and/or cytoplasm 
was observed in cholangiocellular areas (C) but not in hepatocellular areas including noncancerous liver parenchyma (A) and HCC (B). Original 
magnification; extensive area, ×4; close-up areas (A-C), ×200.
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and the expression profile of MUC1 is not homogenous 
among these types, MUC1 alone is insufficient for the 
precise discrimination of patients with a worse tumor 
behavior. Combined analysis of KL-6 mucin and other 
functional proteins might lead to a new discovery for 
this field.

6. Pancreatic cancer

An elevated level of several sialic acid-containing 
antigens such as CA19-9, DU-PAN-2 and Span-1 
has been used as a diagnostic marker of pancreatic 
cancer. These tumor markers have high sensitivity to 
detect patients with exocrine pancreatic cancer but are 
considered to be insufficient for discrimination of a 
small-sized early cancer (104,105). Although surgical 
techniques and systematic chemotherapy have been 
developed, patients with pancreatic ductal cancer still 
have a poor prognosis because of its highly invasive 
properties and nonspecific symptoms. Therefore, a 
diagnostic marker of exocrine pancreatic tumors is 
required to detect the disease in the early stages with 
higher sensitivity.
 In normal pancreatic tissue, MUC1 molecules 
with various glycoforms were detected in the apical 
surface of centroacinar cells, intercalated ducts, and 
intralobular ducts but not in the main pancreatic ducts, 
acini and islets (106). While many studies performed 
to detect the expression profile of mucins in pancreatic 
tissues, MUC1 expression has been investigated in 
pancreatic ductal cancer tissues. The results were 
similar among those histochemical studies that a 
high rate of pancreatic ductal cancer tissues showed 
positive expression of MUC1. Although it might be 
one reason for the high rate of MUC1 expression 
that most pancreatic ductal cancers are already at an 
advanced stage, availability of MUC1 expression for 
diagnosing the clinicopathological status of pancreatic 
ductal cancer patients including the prediction of 
patients' prognosis is still vague. Availability of MUC1 
as a marker for discriminating pancreatic ductal 
cancer from other pancreatic diseases has been tried 
to be developed. Various studies have analyzed the 
differences of MUC1 expression between pancreatic 
ductal cancer and intraductal papillary-mucinous 
tumors (IPMT) of various pathological types which 
display better or worse tumor behavior. Expression 
of MUC1 was detected not only in pancreatic ductal 
cancer but also in the carcinoma type of IPMT while 
it was not detected in the adenoma type and borderline 
type of IPMT (107,108). Therefore, MUC1 can be 
used effectively to diagnose IPMT with malignant 
characteristics. Immunohistochemical analysis of 
KL-6 mucin was also performed and all specimens of 
pancreatic ductal cancer were positive for KL-6 mucin 
(unpublished data). Although expression of KL-6 mucin 
in IPMT also varied like some other MUC1s detected 

by ordinary mAb, further analyses must be performed 
in order to clarify its clinicopathological significance. 
Moreover, some studies described that combined 
analysis of several mucins such as MUC1, MUC2 and 
MUC5AC are available for screening pancreatic ductal 
cancer in file-needle aspiration specimens (109,110). 
This combination was also analyzed using various 
histological types of IPMT as well as pancreatic 
ductal cancer (111). IPMT-dark cell type tumor and 
IPMT-clear cell type tumor, which have a favorable 
outcome, showed a negative pattern for MUC1 while 
the IPMT-compact cell type tumor frequently showed 
a positive pattern for MUC1. The expression pattern 
of those mucins varied among the types of IPMT and 
might be caused by the different biological behavior 
of each IPMT. According to these studies, expression 
of MUC1 is thought to be related to the attainment of 
invasive ability of pancreatic cancer cells. In the study 
of Adsay et al., the rate of patients with positive MUC1 
expression gradually increased according to the invasive 
status of pancreatic tumors (112). But, in contrast, Gold 
et al. showed in immunohistochemical analysis using 
PAM4, an anti-MUC1 mAb, that PAM4-reactive MUC1 
was detected frequently not only in invasive pancreatic 
adenocarcinomas but also in the early stage of pancreatic 
intraepithelial neoplasia (113). The induction of MUC1 
expression itself was suggested to be initiated in the early 
stage of pancreatic tumorigenesis, therefore some other 
components of MUC1 such as sialo-oligosaccharide 
content might be significantly related to the invasive 
status of pancreatic cancer cells (114).

7. Conclusions

MUC1 has been investigated for a long period of 
time and its importance for cancer progression has 
been clarified. However, MUC1 was also shown to 
have various functions and complex characteristics in 
its molecular structure because many kinds of anti-
MUC1 mAb have been developed. MUC1 is not only 
one glycoprotein but it shows various specific styles 
affected by altered biological systems, especially 
in malignant cells. KL-6 mucin is one such kind of 
MUC1 molecule although the detailed characteristics 
are still unknown. While KL-6 mAb has already been 
applied to the diagnosis of interstitial pneumonitis, 
the latest immunohistochemical analysis has clarified 
KL-6 mucin's clinicopathological significance in 
gastrointestinal and hepatic cancer tissues. The 
expression profile and clinicopathological significance 
of KL-6 mucin were different among each organ or 
disease as described in this review, the biological role 
of KL-6 mucin might have a different importance in 
each location and state. To accumulate knowledge of 
the molecular biology regarding MUC1 or KL-6 mucin, 
its mechanism on cancer progression and novel method 
for its medical applications must be further studied.
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Summary

 Brief Report

Extensive efforts have been made to determine the status on neural progenitor cell 
proliferation in specific pathological conditions and to evaluate the therapeutic efficacy 
of drugs for preventing neurogenic deficits in neurodegenerative diseases. However, 
the most commonly used stereological analysis using 5-bromo-2'-deoxyuridine (BrdU) 
immuno-positive sections is a time consuming and labor intensive process and is 
often a bottle neck in neurogenic drug development, particularly when large sample 
sizes are needed. In addition, BrdU is toxic to new born neurons and also labels DNA 
damage in old cells. In this study, we established a method that quantitatively measures 
the number of Ki-67, an endogenous cell proliferation marker, positive cells by flow 
cytometry which analyzes extracted cell nuclei from rodent hippocampi in suspension. 
Our results demonstrate that this approach can be applied to a large number of 
rodent samples, can be accomplished in a short period of time (1-3 days), and can be 
completed in a more accurately objective manner than by using 3-D cell counting with 
immunohistochemically processed sections.

Keywords: Neurogenesis, high throughput screen, hippocampus, flow cytometry, Ki-67

1. Introduction

The adult brain has two stable regions of mitotic 
activity, the subventricular zone (SVZ) of the lateral 
ventricle in the frontal cortex and the subgranular 
zone (SGZ) of the dentate gyrus in the hippocampus 
(1,2). Active neurogenesis in hippocampi lead to 
the incorporation of thousands of new granule cells 
into the dentate gyrus every day (3). While the 
regenerative potential of the mammalian brain is 
sustained throughout the life span, the magnitude 
of the proliferative efficacy of neural progenitors 
declines with age and diseases, such as Alzheimer's 

disease (AD) (4-7). Therefore, to reverse and/or to 
prevent from neurogenic deficits becomes a potential 
therapeutic strategy for anti-neurodegenerative 
diseases, including AD. For example, extensive 
efforts have been made to experimentally evaluate the 
efficiency of potential neurogenic enhancers using 
transgenic mouse AD models (8-11).

The most common method for in vivo analysis of 
neurogenesis is the unbiased stereology of 5-bromo-
2'-deoxyuridine (BrdU) immunohistochemical 
labeled serial brain sections under microscopy, 
which are both labor and time extensive. In addition, 
stereological analysis uses the optical fractionator (12), 
a combination of optical dissector with statistically 
optimized spatial sampling protocols, where the 
estimates are obtained from cell densities, must 
be restricted to well defined structures of isotropic 
architecture and measurable volume (12). Moreover, 
the actual posit ive cell  numbers are achieved 
by multiplying cell density by volume, which is 
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determined by precisely drawing the structural 
boundary and accurately estimating the tissue volume 
change during section preparation. The numbers 
obtained are not independent variables and therefore 
are limited statistically to compare against volume (13). 
Thus, extreme importance is placed on establishing 
a high throughput evaluation for in vivo neurogenic 
efficiency screening that can be completed in a 
short time and used for a large sample size. Of more 
objective importance in particular, is the development 
of potential neurogenic drugs.

The thymidine analog, BrdU, is a commonly used 
molecule to measure cell proliferation in different 
tissues, including the CNS, based on the stable 
incorporation occurring in S-phase of the cell cycle 
(3). However, BrdU is toxic to newborn neurons 
and triggers cell death by altering DNA stability and 
lengthening the cell cycle. Additionally BrdU has 
various mitogenic, transcriptional, and translational 
effects on cells that incorporate the nucleoside 
(14). Therefore, difficulty is found in giving a clear 
interpretation of the 5 times less amount of BrdU 
positive cells in mice 21 days after BrdU injection 
than that detected 24 h after BrdU injection (11,15). 
In determining whether the apoptosis of the newly 
formed cells is a natural phenomenon or is triggered 
by the BrdU incorporation, a recent in vitro study, 
in which human neural progenitor cells were used, 
reported that BrdU doses in the concentration range 
that is recommended for cell proliferation studies 
(1-10 μM) interfered with the survival of newborn 
neurons (BrdU/TuJ1 + cells), and high doses of 
BrdU activated the classical apoptosis pathways 
in newly formed neurons (16). When administered 
to pregnant mice and rats, BrdU interfered with 
embryonic  brain  development ,  caused bodi ly 
defects in embryos, and caused postnatal behavioral 
abnormalities (17). In addition, BrdU is not only 
a marker of the S-phase of the cell cycle but is 
also a marker of DNA synthesis, including DNA 
repair, and that, on the other hand, may induce a 
false positive. Therefore, importance is placed on 
using a less toxic and efficient molecule, ideally 
an endogenous marker, to probe neurogenesis in 
establishing a high throughput screen.

In this study, we reported a high throughput flow 
cytometric assay to evaluate the newly formed cells 
in rodent hippocampi within different conditions. The 
assay analyzed immunolabeled fluorescent Ki-67, 
an endogenous protein only expressed in active 
cell cycles (18-21), positive cells in homogeneous, 
isotropic suspensions. Hippocampi were first dissected 
from fixed brain hemispheres. The isotropic nuclear 
suspensions were then extracted, and immuno-labeling 
of the newly formed cells by cell proliferation marker 
Ki-67 was completed. Finally the positive fluorescent 
cells were analyzed by flow cytometry.

2. Materials and Methods

2.1. Animal

Ovariectomy reduction of hippocampal neurogenesis 
was demonstrated, and estradiol reversed this decrease 
(22,23). Therefore, we used female ovariectomized 
(OVX) mice to evaluate our methods. Female C57/
B6 mice were purchased from Harlan Laboratories 
(Indianapolis, IN, USA.). Animals were ovariectomized 
and the estradiol injection was initiated 5 days after 
OVX in a dose of 30 μg/kg body weight once/day for 
5 days. All experiments were conformed to the Animal 
Welfare Act, Guide to Use and Care of Laboratory 
Animals, and the U.S. Government Principles of the 
Utilization and Care of Vertebrate Animals Used in 
Testing, Research, and Training guidelines on the 
ethical use of animals. In addition, the minimal number 
of required animals was used for these experiments, 
and pain was minimized.

2.2. Tissue dissection

Mice (6/group) were anesthetized with 100 mg/kg 
ketamine and 10 mg/kg xylazine. Cardiac perfusion was 
performed with saline. This flash perfusion removed the 
blood cells in the brain and eliminated the contribution 
of the dividing white blood cells. The decapitation 
and brain dissection were followed by an immersion 
fixation with 4% buffered paraformaldehyade in PBS 
for 16 h. After post fixation, the hippocampus was 
extracted using consistent anatomical landmarks as 
criteria for dissection as described by Bilsland and 
colleagues (24). The rostral 1/3 of the hippocampal 
lobe was removed to avoid the contribution from 
subventricular zone and rostral migratory stream 
proliferative pools.

2.3. Nuclei extraction and immunolabeling

Samples were homogenized using next advance 24 
sample homogenizer. Hippocampi were minced into a 
1.5 mL heavy duty microcentrifuge tube in phosphate 
buffered saline (PBS) that was 5 times the hippocampi 
weight and a bead (ZrSiO) amount that was 1 times 
the hippocampi weight. The samples were then 
homogenized for 3 min on speed 7. When performed on 
fixed tissue, this procedure lyses the plasmalemma but 
preserves the nuclear envelope intact. The cell sample 
was collected into a regular 1.5 mL microcentrifuge 
tube by washing the beads and tube 4 times using 200 
μL of PBS. The cells were then centrifuged for 10 min 
at 10,000 rpm. Once all of the nuclei were collected in 
a pellet, the supernatant was discarded. The pellet was 
then re-suspended in 600 μL of PBS plus 0.5% Triton 
X-100. The number of nuclear density was estimated 
by counting the propidium iodide (PI), a fluorescent 



www.biosciencetrends.com

BioScience Trends. 2009; 3(6):233-238.

molecule that stoichiometrically binds to DNA by 
intercalating between the bases with no sequence 
preference, positive particles. Aliquots of 50 μL are used 
for immunolabeling with Ki-67, a proliferating marker. 
Nuclei in the aliquot are collected by centrifugation, 
resuspended in 200 μL of a 0.2 M solution of boric 
acid, pH 9.0, and heated for 1 h at 75°C for epitope 
retrieval. Subsequently, nuclei are again collected by 
centrifugation, washed in PBS, and incubated for 24 h at 
4ºC with primary antibodies (1:500 for polyclonal anti-
Ki-67, abcam, ab15580). After being washed in PBS 
(2 times for 5 min at 5,000 rpm), nuclei are incubated 
in CY2-conjugated goat anti-rabbit IgG secondary 
antibody (1:100 in PBS; Jackson Immuno Reasearch 
Labs, Inc.) for 2 h, collected by centrifugation, washed 
in PBS 2 times, and then suspended in a small volume 
of PBS. Each of 2.5 μL cell suspension stained with PI 
or without PI was checked under fluorescent microscope 
to verify the immunolabeling quality. The remainder of 
cell suspension is diluted to 500 μL and sent for flow 
cytometry assay using Beckman FC 500 System with 
CXP Software. To avoid counting bias, we register the 
presence or absence of Ki-67 immunoreactivity for all 
of the PI-stained nuclei samples until 10,000 PI-stained 
nuclei have been examined.

2.4. Flow cytometry protocol

PI cells were first gated on a histogram; the positive 
cells were visualized on a forward/side scatter plot. PI 
cells were 'back-gated' on the forward/side scatter plot 
to eliminate debris prior to analysis; this also eliminated 
auto-fluorescence of the sample. An analysis plot was 
generated with CY2 fluorescence on the Y-axis and PI 
fluorescence on the X-axis. Gates were always set using 
dissociates with cell aliquots lacking the first antibody 
but having been incubated with second antibody and 
then processed alongside the experimental procedure. 
Ten thousand PI expressing cells were analyzed for 
Ki-67 expressing cells. Data were expressed as total 
positive cells per hippocampus.

2.5. Statistical assay

The statistically significant differences were determined 
by a one-way ANOVA followed by a post-hoc t-test (two 
sample assuming equal variance).

3. Results and Discussion

The expression of the human Ki-67 protein is strictly 
associated with cell proliferation (20,21). During 
interphase, the Ki-67 antigen can be exclusively detected 
within the cell nucleus whereas in mitosis most of the 
protein is relocated to the surface of the chromosomes. 
Therefore, Ki-67 protein can be immunohistochemically 
detected during all active phases of the cell cycle (G1, 
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S, G2, and mitosis), which excludes the resting phase 
(G0). Ki-67 is now accepted as a cellular marker for 
proliferation (20,21) and neurogenesis (19,25).

In this  study,  nuclei  extracted from mouse 
hippocampi were immuno-labeled by antibodies 
specific for Ki-67 and visualized with secondary 
antibodies conjugated with CY2 as required by 
the primary antibody. The results demonstrated an 
exclusive localization of Ki-67 in the nuclei of mouse 
hippocampal proliferating cells (Figure 1).

When the immunolabeled cells are subjected to 
flow cytometry, the CY2 positive Ki-67 cells can be 
gated and counted. Examples of flow cytometry profiles 
are presented in Figure 2. The X-axis represents the 
intensity of propidium iodide (PI), and the Y-axis 
represents the intensity of CY2-Ki-67. Therefore, area 

Figure 1. Immuno-labeling. Nuclei extracted from mouse 
hippocampi were immuno-labeled by antibodies specific for Ki-67 
and visualized with secondary antibodies conjugated with CY2 (green, 
middle panel). The nuclei were counterstained with propidium iodide 
(PI, red, up panel). The merged image showed in the low panel.
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hormones reduces hippocampal neural progenitor cell 
proliferation. The demonstration also supported neural 
progenitor cell proliferation being enhanced with 
estradiol replacement (22,23,29).

Hippocampal neurogenesis has now been used 
as an important indicator for drug development 

K2 represents the Ki-67 and PI double positive nuclei 
of newly formed cells. The K4 area represents PI only 
positive cells which are not newly formed cells. The K3 
area contains the cell debris that are double CY2 and PI 
negative (Figure 2).

The results of the flow cytometry counting 
demonstrate a significant decrease of Ki-67 positive 
cells in OVX mice hippocampi, from 17,350 ± 4,968 to 
3,238 ± 1,628, (Figure 3, n = 6 per group, p < 0.001). 
The positive Ki-67 number in sham OVX mice 
hippocampi is comparable with the previous reports 
that there are about 9,000 BrdU positive cells in 
rodent hippocampi per day (3,26,27), considering 
that BrdU only labels the S-phase, while Ki-67 is 
expressed in all the active cycle (G1, S, G2, and M 
phase). In the E2 treated OVX mice, the positive Ki-67 
cells were 26,129 ± 9,683. These results demonstrate 
that E2 reverses cell proliferation deficits in OVX 
mice to a level that is compatible to that of the Sham-
OVX mice (p = 0.136, n = 6) which is also supported 
by previous studies (22,23). Our results are also highly 
comparable with the results reported from other group 
by immunohistochemical analysis of BrdU positive 
cells in hippocampus of mice which were injected 
BrdU once a day for 4 days, which showing ~5,000 
positive BrdU cells per hippocampus in mice which 
were given saline and ~17,000 BrdU positive cells per 
hippocampus in fluoxetine, an anti-depressant of the 
selective serotonin reuptake inhibitor which showed 
neurogenic effect, treatment mice (28).

The decrease of proliferating cells in OVX mice 
hippocampi vs. that in sham OVX mice along with 
the increase of Ki-67 positive cells (Figure 3) in 
Estrogen treated OVX mice are supported by the 
previous demonstration that the lack of ovarian 

Figure 2. Examples of fl ow cytometry profi les. The X axis represents the intensity of propidium iodide (PI), and the Y axis represents the 
intensity of CY2-Ki-67. Area K2 represents the Ki-67 positive and PI positive nuclei of newly formed cells. The K4 area represents only PI 
positive cells which are not newly formed cells. The K3 area contains the cell debris which is double CY2 and PI negative. The different color in 
K4 presents different gate areas.

Figure 3. Estradiol-17β (E2) reverses OVX-induced deficits of 
hippocampal neuroprogenitor cell proliferation. Ki-67 positive 
cells in mice hippocampi were sorted by fl ow cytometry. Data were 
presented as mean ± STD. * p < 0.01 of OVX vs. sham OVX and 
OVX + E2.
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in Alzheimer's disease (10,30,31). In addition, 
accumulated data demonstrated that neurogenic 
deficits in the hippocampal dentate gyrus is the neural 
basis for a number of mental disorders, including 
depression, schizophrenia, epilepsy, and diabetes 
(32,33). The time consuming and labor intensiveness 
of conventional methods of BrdU quantification are 
limiting factors for progress in drug development. The 
recently developed flow cytometry counting technique 
of immunocytochemically labeled BrdU nuclei in 
homogeneous suspensions make the BrdU positive 
cells counting more efficient and more objective (28). 
In parallel, we established that the method of flow 
cytometrically counting the Ki-67 positive cells will not 
only increase the efficacy and the objectivity but will 
also limit the side effect concerns of BrdU, a toxic and 
mutagenic substance which changes DNA stability and 
lengthens the cell cycle. In addition, BrdU is not only 
a marker in the S-phase of the cell cycle but is also a 
marker of DNA synthesis. Therefore, BrdU may also 
induce false positives in some disease conditions by 
showing active DNA repair activity (14).

Ki-67 is a protein expressed exclusively in the 
active cell cycle and in the nucleus (34). The co-
localization of Ki-67 with nuclear neuronal markers 
(NeuN, calbindin) is impossible (35), because they 
are expressed at different period of the cell cycle. 
The known, so-called early neuronal markers, such 
as doublecordtin, Tuj1, the polysialylated form of the 
neural cell adhesion molecule, are all post-mitotic 
proteins and located in the cytoplasm of immature 
neurons (35). In parallel to these early neuronal 
markers, the known glial cell markers, including glial 
fibrillary acidic protein, are also cytoplasm proteins. 
So far, it is difficult to perform a co-localization 
for Ki-67 with a phenotype marker to identify the 
phenotype of Ki-67 positive cells using nuclei 
extracted from fixed brain tissue by flow cytometry 
analysis. Although this method has limitation for 
using Ki-67 to trace the survival of the newly formed 
cells, this method generates results that reflect the real 
proliferation status of cells in hippocampus (6).

In conclusion, we have established a high through-
put analytical method to evaluate the proliferation of 
neuroprogenitor cells within the rodent hippocampus 
by flow cytometry assay of Ki-67 positive cells. This 
method provides more accurate, more sensitive results 
which are closer to endogenous proliferation status than 
the traditional stereological method using BrdU as a 
probe, and is far less time-consuming neurogenic agent 
development.
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Summary

Original Article

The implementation of decentralization policies in the health sector of many developing 
countries has been a major issue in international health. The objectives were to focus 
on health sector reform, health financing system, and human resource development. 
However, less attention has been paid to the institutional capacity development of health 
systems. In this paper, institutional capacity refers to the abilities of organizations to 
make effective management in order to build local capacity and to achieve goals with local 
ownership. The aims of this paper were to explore the developmental process of districts 
institutional capacity by assistance of an NGO in Cambodia, and to identify the key 
factors influencing this development. We chose five operational districts (ODs) and two of 
them were contracted to NGO for management assistance. We conducted semi-structured 
in-depth interview to 17 managers and 16 key informant interviews. For analysis, we 
used qualitative analysis based on a grounded theory approach to clarify a conceptual 
framework for understanding management practices at district health institutions. There 
is a 4-stage capacity developmental process at the district-level institution. Supportive 
supervision and widening of decision-making authority were identified as key factors 
for sustainable institutional capacity development. They have complementary function 
each other. External agencies such as NGOs can use these key factors to develop local 
management capacities, and also this capacity development can be done internally within 
institutions such as OD health offices and by upper authorities such as the PHD.

Keywords: Institutional capacity, decentralization, supportive supervision, decision-making 
authority, Cambodia

1. Introduction

In the past decade, implementing a decentralization 
policy in the health sector in many developing 
countries has been one of the most emphasized 
development issues (1-3). This implementation has 
tended to focus on health sector reform, changes in 

the health financing system, and human resource 
development (4), but less attention has been paid 
to the institutional development of health systems 
unde rgo ing  decen t r a l i za t i on  (3 ,4 ) .  Wi thou t 
insti tutional capacity,  health facil i t ies do not 
function well by themselves, especially at the district 
level, where they provide primary health care to 
communities (4-6). However, the decentralization is 
not always helpful to strengthen the health systems 
in developing countries (1), and it is not clear yet 
what are the key factors for developing institutional 
capacities to strengthen health systems. In this 
article, institutional capacity refers to the ability of 
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organizations, as aggregations of individual personnel, 
to make effective management in order to build local 
capacity, and to achieve institutional goals through 
enhancing local ownership (7), and we reviewed the 
institutional capacity development processes in the 
several districts in Cambodia.
 In 1996, after more than 20 years of conflict, the 
Ministry of Health (MOH) of the Royal Government 
of Cambodia implemented its health sector reform 
and developed its strategies (8,9). Administrative 
responsibilities were initially assigned to 69 operational 
health districts (ODs) nationwide to cover the similar 
population size. Each OD had a referral hospital and 
several health centers according to their population. The 
MOH also introduced user fees as the health financing 
scheme at hospitals and health centers, and they were 
able to decide how to use their income according to 
their needs in 1996 (10,11). The MOH contracted the 
management of pre-selected ODs on a pilot basis to 
external agencies such as foreign non-governmental 
organizations (NGOs) (12). It remains to be seen 
whether these ODs will continue to function after the 
external supports end.
 One of the authors had participated in the Japanese 
NGO which had been contracted to strengthen 
district health management of ODs in Cambodia, and 
observed several positive changes on institutional 
capacities there. The objectives of this study were to 
analyze the developmental process of the institutional 
capacity of OD health offices, to identify the key 
factors for developing the institutional capacity to 
find out the appropriate approach to strengthen the 
district management in the countries which introduced 
decentralization policy.

2. Materials and Methods

2.1. Study site

All 5 ODs in the Takeo Province in Cambodia, located in 
the south of the country, were examined. Each OD has a 

population of about 120,000-220,000, and the areas are 
mostly agricultural. There is a referral hospital in each 
OD and a health center for every 10,000-15,000 people.
 Table 1 shows the profiles of the 5 ODs. Since 1999, 
2 of the 5 ODs had external contractual management 
support of foreign NGOs at their workplaces. Another 
2 were managed by the MOH and the Provincial Health 
Department (PHD). One OD had been supported in its 
management by a foreign governmental organization 
and an international NGO.

2.2. Data collection

Data were collected from October 2004 to February 
2007 to analyze the development of the institutional 
capacity of the OD health offices, and to identify the 
factors that influence the process.
 1) Semi-structured in-depth interviews based on 
questionnaires were conducted with 17 managers from 
the 5 ODs who agreed to participate. These managers 
included 11 medical doctors, 4 medical assistants, a 
pharmacist, and a secondary nurse. They were asked 
about their experiences developing institutional capacity 
over time, since they began working with the ODs. 
The interviews were focused on 5 major management 
areas, i.e., general administration, personnel, finance, 
materials, and external relations.
 2) Six periods of observation were conducted during 
the study. The average duration was about 2 weeks, the 
longest being 2 months.
 3) Key informant interviews were conducted with 
16 relevant personnel from the MOH, the PHD, and the 
NGOs as contractors for 2 ODs.

2.3. Data analysis

The development of institutional capacity is clearly a 
process rather than a static factor. Therefore, we used 
qualitative techniques based on a grounded theory 
approach. The analysis was performed through four 
stages. The first stage was coding. A total of 178 quotes 

Table 1. Background of ODs in Takeo (2005)

                                     OD 

Estimated population for 2005 
Number of Administrative Districts* 
Number of Communes 
Number of Villages 
Number of Referral Hospitals 
Number of Health Centers 
Total number of OD staff 
Outpatient utilization rate** 
Deliveries with health staff rate*** 
EPI completion rate under one year old**** 
External management support at the workplace 

* Operational districts for health are not completely equal to administrative districts; ** per total population per year; *** per estimated number of 
pregnant women per year (3.8% of total population); **** per estimated number of children less than one year old (3.4% of total population).

             A 

  129,244 
             1 
           13 
         186 
             1 
             9 
           85 
             0.95 
             0.32 
             0.74 
             + 

            B 

  216,529 
             4 
           31 
         289 
             1 
           20 
         132 
             0.57 
             0.34 
             0.61 
             + 

            C 

  190,924 
             4 
           20 
         236 
             1 
           15 
         269 
             0.42 
             0.29 
             0.59 
 current–/past+ 

            D 

  191,927 
             2 
           20 
         245 
             1 
           13 
         120 
             0.44 
             0.24 
             0.65 
             –

            E 

  160,264 
             3 
           21 
         161 
             1 
           13 
           96 
             0.53 
             0.17 
             0.35 
              –
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were extracted from the interview data, following 
which, key phrases and expressions were coded by 
authors and checked by the faculty.
 The second one was conceptualization. After the 
open coding procedure, similar contents were collected 
and grouped, and then preliminary categories were 
formed by structuring the groups of similar concepts 
(the third stage). In these analyses, we focused on 
the changing process of what actually occurred on 
institutional capacities from time to time, and also 
what influenced positively and negatively on this 
changing process. After this analysis, the data were 
reanalyzed by putting new data until overriding 
concepts appeared. These concepts were condensed 
and saturated from a variety of management aspects, 
and a series of core concepts and categories emerged 
as the first draft framework as the theory to explain 
the process and key factors of institutional capacity 
development (the fourth stage).
 For the confirmation of the appropriateness of the 
framework, the participants were given the emerging 
framework to determine whether it matched their 
responses after drafting the conceptual framework. Key 
informant interviews were also conducted to clarify the 
legitimacy of the health policy and common procedures 
at the OD level. The final framework was determined at 
the end of this revision process.
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 The study protocol was reviewed and approved by 
the Ethics Review Committee of Nagoya University 
School of Medicine and the Ethics Committee of the 
MOH in Cambodia.

3. Results

The interview results were organized by axial 
coding into Figure 1. According to the intervention, 
the staff behavior and mentality were changing 
gradually from passive to active. Based on Figure 
1, the qualitative data were categorized into 3 types 
for conceptualization; the managers' perceptions 
and experiences and the interventions that influence 
the managers' activities. The data on the managers' 
perceptions and experiences were obtained as the 
status of the institution, and were classified and 
arranged according to the developmental process of 
institutional management capacity from premature 
to advanced levels. The developmental process was 
categorized into 4 stages: [1] Unawareness, [2] 
Awareness, [3] Empowerment, and [4] Consolidation 
(Table 2). However, the development process did not 
proceed with the same speed in different ODs. The 
data on the interventions that influenced the managers' 
activities were divided into 2 factors of promoting and 
constraining the development of institutional capacity.

Figure 1. Process of change.
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3.1. The developmental process of institutional capacity 
at the OD level

[1] Unawareness Stage
 This stage mostly occurred before the start of the 
MOH's health sector reform and the introduction of 
the scheme of management contract to NGOs. It was 
characterized by the fact that the OD managers had no 
clear management concept and were unaware of the 
necessity of proper management techniques. The OD 
managers frequently used expressions such as "do not 
have knowledge" and "do not know what to do".

[2] Awareness Stage
 This stage mostly occurred with the introduction 
of new guidelines and management systems. The OD 
managers recognized the importance of management 
and began to show willingness to manage in new ways; 
however, the OD managers, tended to only passively 

follow the instructions from the upper level, including 
the PHD and the external-contract managers, because 
they did not have enough experience. They often used 
expressions such as "are interested in management" and 
"await order and instruction". 

[3] Empowerment Stage
 This stage emerged at institutions supported by 
external management. The OD managers mainly 
managed by themselves and continuously gained 
experience. Through the series of the experiences, 
the OD managers began recognizing that their 
institutions became organized and moving forwards as 
functioning institutions. "Try to do tasks" and "need 
back up supports" were the representative expressions, 
thus indicating that the institutions were gradually 
managing their initiatives; however, they still felt 
limited management capacity, and thus needed external 
support.
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Table 2. Summary of example quotes

        Stages 

Consolidation
Stage 

Empowerment 
Stage 

Awareness 
Stage 

Unawareness 
Stage 

Example quotes 

OD managers manage the institution and get feedback: Key phrases: 'share knowledges and experiences each other', 
'create partnership with community and others' 

"…regarding training, it is important that they can share the learnings from each other at the job site…now we can have 
internal sessions to learn and teach by ourselves" (anonymous 2, 15). Also, "…now, I know that management is something 
we need for betterment by ourselves with experiences under our circumstance. We have learned so many things which were 
good ways and not during seven years of contract" (anonymous 5, 1). 

"…through regular committee meetings, community representatives are giving us good feedback and tied cooperation…this 
makes us more responsible and confi dent…and we can work together for the community" (anonymous 5, 7, 15). Also, "…
now we can recognize NGOs are good partners, we can discuss and resolve the problem together…" (anonymous 4, 2).

OD managers continuously gain experience: Key phrases: 'know how to do tasks' and 'be gaining experiences', 'need back 
up supports', 'there are some things we can do nothing about'

"…resource allocation is becoming OK,…now our health facilities can open twenty-four hours and can fully provide the 
services…"(anonymous 2, 3, 8). "We learned how to do the tasks everyday from the external managers who showed us many 
examples of how to manage in realistic situations and let us try new things with our idea" (anonymous 4), and "…what we 
need to do is having experiences with learning by doing, then we can manage better and better" (anonymous 4, 5). Also, "…
working with communities' representatives especially local government officers was difficult…It requires very advanced 
communication abilities like coordinating and negotiating with the upper level officials…it was something that we could not 
do by ourselves" (anonymous 8, 2).

"I was discouraged by the fact that I could not penalize a staff member's misbehaviour, frequent absenteeism at workplace on 
their duty, especially when those who misbehaved had close connections with the upper-level officials, relatives and friends" 
(anonymous 10, 12). 

OD managers recognize the importance of management: Key phrases: 'interested in management' and 'follow instruction'

"…when new policy guideline appeared, we were usually invited for training…(anonymous 16) and "after I leaned 
management, I was fascinated to apply new management into my OD…" (anonymous 13), also "…after learned management 
theory, I realized what they (external managers) were doing were 'management'. Then I started to participate in management 
with willingness…" (anonymous 3, 7, 8, 10, 16).

"...I remembered that they (external managers) guided us (the OD managers) how to conduct a measles campaign that 
we have never done before…" (anonymous 3), and "…at the very beginning, they (external managers) taught us (the 
OD managers) very important practical management such as creating our organizational chart and delegating work…" 
(anonymous 2, 3). 

OD managers are unaware of proper management: Key phrases: 'do not know' and 'await orders'

"…we (all) did not know even the word 'management' or no one knew what was one's responsibility clearly…so it was 
difficult to ask the staff to work properly…(anonymous 4, 16). Also, "…we (the OD managers) just waited until we heard 
what the upper level said as usual manner, and I thought that following orders from above was the way to work without any 
doubt" (anonymous 4, 10, 11 and 13). 
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[4] Consolidation Stage
 This stage appeared in OD health offices assisted 
by external management supports for more than 5 
years. The OD managers managed OD health offices 
and their health facilities by themselves, with some 
degree of confidence. They were willing to create 
partnerships with external agencies as local resources. 
The characteristic expressions were "share experiences 
with each other" and "create locally appropriate 
ways".

3.2. Influences on the developmental process of 
institutional capacity

Figure  2  shows the  re la t ionship between the 
developmental process of the institutional capacity 
of OD health offices and the interventions such as 
promoters and constraints. Certain promoters existed 
between stages, whereas 2 major constraints existed 
throughout the overall process.

[1] Promoters
 1) Between the Unawareness and Awareness 
Stages: Regardless of the ODs, there were 3 major 
promoters. First, providing theories and concepts 
on institutional management promoted the progress, 
especially general management training, which 
provides ideas that meet the needs of management at 
their workplaces. Second, clarifying organizational 
function, such as making an organizational chart, and 
individual staff responsibilities. For example, the roles 

of individuals were unclear during the Unawareness 
Stage. Once each job description became clear, some 
staff tried to fulfill their responsibilities because of 
self-discipline and peer pressure. This was especially 
observed when their performances were monitored 
by other staff. Third, inducing mutual communication 
among staff  within an OD was considered an 
important component. This was attractive to the 
staff because their opinions were not reflected in the 
decision making of health offices under traditional 
bureaucratic management, and because teamwork 
and participatory management within an OD were 
uncommon at their workplace.
 2) Between the Awareness and Empowerment 
Stages: There were 2 types of interventions at the 
workplace. First, the importance of close instructions 
by external supports was emphasized by managers 
of the ODs and external agencies. The OD managers 
struggled during the Awareness Stage, during which, 
they participated in management tasks and were 
less confident in themselves, although they were 
interested in the new management. All the OD 
managers encountered difficulties while applying new 
policies and procedures, such as the application for 
a health financing scheme into a real-life situation, 
after acquiring some management knowledge through 
training. While all the managers who were interviewed 
welcomed this  scheme, several  OD managers 
mentioned that they had difficulties replacing the 
informal financial management strategy with the new; 
these difficulties were solved by timely advice from 

Figure 2. Influences on the developmental process: promoters and constraints.
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external support agencies.
 Second, continuous encouragement by external 
agencies had a positive influence on the OD managers 
at their workplace. For instance, the OD and external 
managers had the same goals for better health service 
provision, and shared the process of moving forward 
to improve.
 3) Between the Empowerment and Consolidation 
Stages: There were 2 promoters between these stages. 
First, the external managers took risks by providing 
a safe environment, so that the OD managers could 
initiate new activities. At the Empowerment Stage, 
the OD managers needed to gain experience through 
trial and error; they were expected to be blamed if 
they made an error. One of the OD managers said that 
making errors could be a good learning opportunity, 
as taught to them by the external manager. Therefore, 
supervisors, as guardians, should take certain risks 
in the process of trials, so that the OD managers can 
acquire their experiences without such risks.
 Second, while the OD managers took more initial 
actions, the external managers did not pay attention 
to check whether their actions were appropriate. 
Once the OD managers dispelled their fear of 
administering tasks by themselves, the supervisory 
role of the external managers gained importance. 
According to the external managers, it was necessary 
to review performances and correct mismanagement 
in a timely manner when the OD managers made 
errors; these were recognized as important roles by 
the external managers. Thus, the OD managers could 
take more initial actions as well as foster a sense of 
appropriateness.

[2] Constraints
 This study also showed that there were 2 major 
constraints throughout the development of the 
institutional capacity of the OD health offices.
 First, strong authority was kept at the upper level, 
including the PHD, the MOH, and even the external 
agencies that worked on-site. Thus, the OD managers 
were not given wide decision-making authority. In 
general, the substantial roles and functions were 
centrally managed. For instance, the allocation 
of personnel on the work site and the selection of 
candidates for training were decided by the upper 
level. Therefore, the decision was not matched with 
the peripheral needs.
 Second, the range of delegated management 
authority was unclear at the OD level. Therefore, 
even the ODs were assigned substantial roles, such 
as community participation, internal disciplinary 
management, and the health financing scheme. OD 
managers usually stated "cannot decide" and "cannot 
enforce" at the earlier stages. Bridging the gap 
between policy guidelines and the real situation on site 
without support was very difficult for OD managers.

4. Discussion

The developmental process of the ODs' institutional 
capacity was observed to progress through 4 stages. 
This is similar to the developmental process of the 
Institutional Development Framework developed by 
Renzi M, and used by the United States Agency for 
International Development (USAID) (13,14). According 
to this framework, quality services can be improved 
using the concept of total quality management (13).

4.1. Supportive supervision for promoting institutional 
capacity development

The promoters of progress in the development of 
institutional capacity had specific characteristics in 
this study, as shown in Figures 1 and 2. The institutes 
needed support at their workplace to build management 
structures and to gain experience on a daily basis. 
As a result, the OD managers gradually showed their 
confidence by recognizing that the number of clients at 
health centers increased.
 Progression through the process was subjected to 
much trial-and-error. Institutional capacity was developed 
by repeating the process, which bridged the gap between 
what is known and what gets done or the "know-do gap", 
as mentioned by Landry et al. (15). In order to bridge the 
gap, it was important that support authorities provided 
an environment that allowed OD managers to try by 
themselves, without fear of failure. These management 
supports, which were characterized as the promoters in 
this study, focused on participatory management and 
empowerment of local managers, but not inspection; they 
were similar to "supportive supervision" by Marquez and 
Kean (16) and were also synonymous with "facilitative 
supervision" (17) and "team supervision" (18).
 In the developmental process of the ODs, supportive 
supervision insured new management policies, according 
to the MOH guidelines and values for the benefit of the 
public. Thus, supportive supervision played a crucial role 
in the development of institutional capacity.

4.2. Widening decision-making authority to promote 
institutional capacity development

According to the constraints of OD management, the 
degree of decision-making authority was one of the 
crucial factors necessary for gaining practical experience 
(4,6). A strong bureaucracy still remained a reality in the 
case of Cambodia. Also, the effective use of delegated 
power at the district and provincial levels was still 
questionable (19). However, the health financing scheme 
brought some positive effects by widening the decision-
making authority, even though this was still a part of 
power delegation from the MOH.
 Wider decision-making authority in a health 
financing scheme provides a positive influence on 
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resource generation and proper utilization, including 
the supplementation of staff salaries and purchase of 
supplies, even the poor salary is an explicit issue to make 
the staff motivation lower among developing countries 
(20). That is, the OD health offices use their user fee 
income relatively properly, even they can use all of them 
for their staff salary compensation instead of necessary 
supplies for their health service provision, because they 
can decide what should be purchased and how to use the 
income from user fee scheme on local needs bases.
 Also, wider decision-making authority contributes 
to practical management experience, because the OD 
managers are permitted to handle issues. This gives 
opportunities to the OD managers to learn while doing 
(21), whether or not external supports exist, and hence, 
the "know-do gap" is fulfilled. This can also promote 
institutional capability to respond to immediate needs. 
Consequently, the OD managers become more confident 
in their management by generating motivation and 
ownership (15). Furthermore, change in decision-making 
authority indicates progress towards decentralization, 
as suggested by several studies of Bossert. in several 
countries (22-24).

4.3. Complementary relationship between supportive 
supervision and decision-making authority

There is a complementary relationship between 
supportive supervision and decision-making authority 
(Table 3).

[1] Widening decision-making authority alone
 When an institution has wide decision-making 
authority without any supportive supervision, it can 
make decisions on management issues based on its own 
locally appropriated and acceptable criteria, without any 
delay by waiting upper level decision. However, this can 
lead to the development of private interests, which may 
have an adverse effect on rational management or public 
interests, such as ignoring pro-poor value or seeking 
more profitable activities including corruption (25). This 
situation is observed in other developing countries, and 
not only in Cambodia (4,6,24).

[2] Providing only supportive supervision
 The progression of institutional capacity may be 
limited in cases in which an institution has supportive 
supervision without wide decision-making authority, 
because supportive supervision can provide a practical 
model of how to perform tasks. However, OD managers 
cannot exercise practical management without wider 
decision-making authority, and would be unable 
to continuously develop their capacity to progress 
through the advanced stages of institutional capacity 
development (7); i.e., narrow decision-making authority 
could delay the progress of institutional capacity 
development.

[3] Risk avoidance by the wider authority
 Supportive supervision can play a role in encouraging 
rational management in order to avoid the risks of wide 
decision-making authority (16). Rational management 
includes insuring a transparent accounting system, 
strengthening the discipline and mutual communication 
within an institution, and focusing primarily on public 
interests. Once the rational management systems 
are installed, they are supervised until they are fully 
functioning.

[4] Necessity for both wide decision-making and 
supportive supervision
 That is, both supportive supervision and amount of 
decision-making authority are complementary factors 
in the development of institutional capacity at the 
decentralized level of management, as demonstrated in 
Table 3.

4.4. For sustainable institutional capacity development

Limited resources at the peripheral level in Cambodia as 
well as other developing countries make management 
difficult (19,26). However, corruption and dependency 
occur not only due to a shortage of resources, but also 
because of a shortage in management capacity (26), 
and thus, a combination of supportive supervision and 
wider decision-making authority can contribute in the 
development of institutional capacity.
 It remains to be determined how long and to what 
extent external agencies should intervene during the 
interim period. Dependency on supportive supervision 
is also an important concern for sustainable institutional 
capacity development. Relying on external power and 
resources are concerns of many developing countries 
because they represent dependency (26).
 To avoid these matters, supportive supervision should 
not be implemented by foreigners or external agencies, 
because developmental supports may not be retained 
after the external agencies withdraw (26). Supportive 
supervision can be done internally within the institutions, 
such as OD health offices, and by upper authorities such 
as the PHD. They can train their own juniors according 
to an appropriate pace of change that is matched to the 
reality of local circumstances. As a result, it becomes 
possible to develop management capacity within their 
own institution, and also to accelerate decentralization 
in their health system in order to function as a peripheral 
health service provider for their communities.
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Table 3. Relationship between 2 major factors

Supportive 
supervision

(+)
(–)

Wide

Progress
Inappropriate progress

Narrow

Limited progress
Stagnation

Decision-making authority
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5. Conclusions

Decentralization of public health administration has been 
implemented in many developing countries. Effective 
interventions are needed to build institutional capacity, 
especially at the peripheral level, such as the district. As 
shown by this study, there are 4 stages to the development 
of institutional OD health office capacity. This 
approach focuses on strengthening district management 
institutional capacities and building teamwork for 
field administration rather than simply improving an 
individual's knowledge base. Developing institutional 
capacity may enhance service quality. Supportive 
supervision and widening of decision-making authority 
are complementary at the district level, and have been 
identified as key factors for sustainable institutional 
capacity development in a decentralized setting in 
Cambodia. Through this developmental process, the OD 
health offices develop greater institutional capacity, and 
can directly respond to the communities' health needs.
 However, this framework and key factors should be 
confirmed in other settings, because this framework is 
structured by single case in Cambodia, and methodology 
itself is not popular in the field of health research except 
on nursing.
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Summary

Original Article

Three stability-indicating methods were developed for the determination of racecadotril 
(RCT) in the presence of its alkaline degradation products. The first was an high-pressure 
liquid chromatography (HPLC) method in which efficient chromatographic separation was 
achieved on a C18 analytical column and a mobile phase of acetonitrile-methanol-water-acetic 
acid (52:28:20:0.1, v/v/v/v). Linearity was obtained in the range of 4-40 μg/mL with mean 
accuracy of 99.5 ± 0.88%. The second method was a densitometric evaluation of thin-layer 
chromatograms of the drug using a mobile phase of isopropanol-ammonia (33%)-n-hexane 
(9:0.5:20, v/v/v). The chromatograms were scanned at 232 nm, a wavelength at which RCT 
can be readily separated from its degradation products and determined in the range of 2-20 
μg per spot with mean accuracy of 99.5 ± 0.56%. The third method is based on the use of 
first-derivative spectrophotometry (D1) at 240 nm, and the drug was determined in the range 
of 5-40 μg/mL with mean accuracy of 99.2 ± 1.02%. The three methods provided satisfactory 
recovery of the intact drug (100.8 ± 0.82, 100.4 ± 0.55, and 99.9 ± 0.72%, respectively) in the 
presence of up to 90% of its degradation products. Determination was also successful when 
analyzing RCT in a formulation in the form of acetorphan packets. Results were statistically 
analyzed and found to be in accordance with those given by a reported method.

Keywords: Stability-indicating methods, degradation, racecadotril, quality control

1. Introduction

Racecadotril (RCT), N-[(R,S)-3-acetylmercapto-2-
benzyl propanoyl] glycine benzyl ester, is a new anti-
diarrheal pro-drug (1). In peripheral tissue membranes, 
RCT is converted into thiorphan, which inhibits 
the enzyme enkephalinase. As a result, enkephalin 
concentration increases, leading to activation of opioid 
receptors and a decrease in the cyclic adenosine 
monophosphate level. This in turn results in reduced 
secretion of water and electrolytes into the intestinal 
lumen (2,3).
 A survey of the literature revealed few analytical 

methods for the determination of RCT, including 
spectrophotometric methods (4) and high-pressure 
liquid chromatography (HPLC) (5-8). In the present 
work, three simple, selective, and validated methods 
of HPLC, densitometry and first derivative (D1) 
spectrophotometry were developed to quantify a drug 
in its pure form, in a pharmaceutical formulation, and 
in mixtures with its degradation products.

2. Materials and Methods

2.1. Reagents

Pure RCT was purchased from Egyptian Pharmaceutical 
and Chemical Industry (EPCI), Cairo, Egypt and had a 
purity of 99.98% according to the supplier. Acetorphan 
packets (B.N.050; EPCI) containing 30 mg RCT per 
packet were purchased from a local market. All other 
reagents were analytical grade.

Stability-indicating methods for the determination of racecadotril 
in the presence of its degradation products

Afaf O. Mohamed1, Manal M. Fouad2,*, Mona M. Hasan1, Sawsan A. Abdel Razeq2, 
Zeinab A. Elsherif1

1 National Organization for Drug Control and Research (NODCAR), Giza, Egypt;
2 Analytical Chemistry Department, Faculty of Pharmacy, Al-Azhar University, Cairo, Egypt.

*Address correspondence to:
Dr. Manal M. Fouad, Analytical Chemistry Department, 
Faculty of Pharmacy (Girls), Al-Azhar University, 
Cairo, Egypt.
e-mail: manalfoad2000@yahoo.com



www.biosciencetrends.com

BioScience Trends. 2009; 3(6):247-252. 248

2.2. Standard solutions

A 2 mg/mL methanolic solution of pure RCT was 
prepared for use with the densitometric method. Further 
dilution was done to provide a methanolic solution of 
0.1 mg/mL RCT for use with the HPLC and derivative 
methods.

2.3. Degraded solutions

About 100 mg of RCT were accurately weighed and 
transferred to a 100 mL round flask. Fifty mL of 0.1 
N NaOH were added and heated under reflux for 2 h. 
After cooling, the pH was adjusted to 7 using 0.5 N HCl 
and mixture was then evaporated under a vacuum to 
dryness and extracted twice with 20 mL of methanol. 
The result was filtered into 50-mL volumetric flask and 
completed to volume with methanol to obtain an alkali-
induced degradation solution containing degradation 
products derived from 2 mg/mL RCT for use with 
the densitometric method. Dilution was carried out 
by transferring 2.5 mL of each solution to a separate 
50-mL volumetric flask and volume was completed 
with methanol to provide a solution labeled to contain 
degradation products equivalent to 0.1 mg/mL RCT.

2.4. Linearity

2.4.1. HPLC method

The HPLC instrument (AGLIENT 1500, USA) used 
consisted of an Agilent pump, equipped with a variable 
wavelength detector and a 20 μL volume injection loop, 
and an Eclipse C18 RP-column (1.8 μm, 50 × 4.6 mm i.d.).
 Aliquots from the methanolic drug solution (0.1 mg/
mL) equivalent to 0.04-0.4 mg RCT were transferred 
to a series of 10-mL volumetric flasks and diluted to 
volume with methanol. Twenty μL injections from each 
solution were chromatographed on the Eclipse C18 RP-
column using a mobile phase of acetonitrile-methanol-
water-acetic acid (52:28:20:0.1, v/v/v/v) at a flow 
rate of 0.7 mL/min and UV detection at 232 nm. The 
calculated peak areas were plotted with respect to the 
drug concentration and the regression parameters were 
deduced.

2.4.2. Densitometric method

Accurately measured aliquots containing 1-10 mg of 
RCT from its standard solution (2 mg/mL) in methanol 
were introduced into 10-mL volumetric flasks and 
diluted to volume with methanol. Twenty μL of each 
solution were applied to a thin-layer chromatography 
(TLC) plate precoated with 0.25 mm silica gel F254 
(20 × 10 cm; Fluka, Switzerland) using a microsyringe 
and developed in a mobile phase of isopropanol-
ammonia (33%)-n-hexane (9:0.5:20, v/v/v). The plate 

was removed and air dried, and spots were scanned at 
232 nm using the Densitometer-Dual Wave Flying Spot 
CS-9301 (Shimadzu, Kyoto, Japan). The calibration 
curve representing the recorded area under the peak and 
the corresponding concentration were plotted and the 
regression equation was computed.

2.4.3. D1 spectrophotometric method

Aliquots of standard solution (0.1 mg/mL) equivalent 
to 0.05-0.4 mg of RCT were transferred to a series 
of 10-mL volumetric flasks filled to the mark with 
methanol. Using the UV-Vis Spectrophotometer 1601 
(Shimadzu), D1 spectra were recorded using methanol 
as a blank with Δλ = 2 and scaling factor of one. The 
calibration curve of trough height at 240 nm was plotted 
with respect to the drug concentration and the regression 
equation was calculated.

2.5. Assay of prepared intact and degraded mixtures

2.5.1. HPLC method

Different volumes of standard drug solution (0.1 mg/
mL) in methanol equivalent to 0.36-0.04 mg RCT were 
transferred into a series of 10-mL volumetric flasks 
containing volumes of degraded solutions equivalent to 
degradation products derived from 0.04-0.36 mg. Volume 
was completed to mark with methanol, then 20 μL of 
each solution was chromatographed by HPLC method as 
described above.

2.5.2. Densitometric method

Volumes equivalent to 1-9 mg of RCT from its standard 
methanolic solution (2 mg/mL) were transferred to a 
series of 10-mL volumetric flasks, and then volumes of 
RCT degradation products derived from 1-9 mg of the 
drug were added. Each flask was filled to the mark with 
methanol and then analyzed by densitometric method as 
described above.

2.5.3. D1 spectrophotometric method

Aliquots equivalent to 0.35-0.05 mg of RCT from its 
methanolic solution (0.1 mg/mL) were transferred to a 
series of 10-mL volumetric flasks. Different portions 
from an alkaline hydrolyzed solution equivalent to the 
degradation products were derived from 0.05-0.35 mg 
of the drug. The volume was completed with methanol 
and assayed by D1 spectrophotometry at 240 nm using 
the D1 spectrophotometric method described above.

2.6. Analysis of acetorphan packets

The contents of 5 acetorphan packets were thoroughly 
mixed. An amount of powder equivalent to 100 mg RCT 
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was weighed and dissolved in 40 mL of methanol by 
shaking in an ultrasonic bath for 10 min. The solution 
was filtered into a 50-mL volumetric flask and volume 
was completed with methanol to obtain a solution labeled 
to contain 2 mg/mL RCT for use with the densitometric 
method. The quantitative portion was then diluted 
with methanol to provide a solution labeled to contain 
0.1 mg/mL RCT for analysis by the HPLC and D1 

spectrophotometric methods. Each method was assayed 
as described above and the concentration of the drug was 
calculated from the corresponding regression equation.

3. Results and Discussion

RCT, an enkephalinase-inhbitor, contains both ester 
and amide groups that are subject to hydrolysis by both 
acids and alkalies. Stressed hydrolytic degradation was 
performed to study RCT stability in acidic and alkaline 
media via refluxing in different concentrations of 
NaOH and HCl at different time intervals. Testing with 
TLC revealed that the drug was completely degraded 
after about 2 h using 0.1 N NaOH or HCl. Solutions 
were then neutralized using 0.5 N NaOH or 0.5 N HCl, 
evaporated to dryness under a vacuum, and extracted 
with methanol. Methanolic solutions were separated by 
TLC to produce three degradation products with almost 
the same retention times under both acidic and alkaline 
conditions. Alkaline degradation was thus used with 
the three methods to subsequently indicate the stability 
of the drug. A proposed pathway of alkaline hydrolysis 
under this condition is shown in Scheme 1.

3.1. HPLC method

Chromatographic separation of RCT and its degradation 
products was performed satisfactorily using an Eclipse 
C18 column. Separation was done several times to 
ascertain the optimum composition of the mobile 
phase using different solvents with different ratios, 
i.e., acetonitrile-methanol (35:50, v/v) and acetonitrile-
methanol-H2O (50:25:15, v/v/v). The best separation was 
achieved with acetonitrile-methanol-water-acetic acid 
(52:28:20:0.1, v/v/v/v). Different flow rates (0.5-1.5 mL/
min) were tested. Resolution of the intact and degraded 
drug was obtained at a flow rate of 0.7 mL/min. More 
than one wavelength was used, and the most sensitive 
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detector response was obtained at 232 nm. Under these 
optimum conditions, pure RCT exhibited a sharp peak at 
3.49 min, while its degradation products readily exhibited 
three peaks at 2.45, 2.86, and 5.48 min (Figures 1a and 
1b). None of these peaks appeared in the chromatogram 
of the standard, indicating that the three identified peaks 
are due to degradation. Figure 1c represents a mixture of 
intact and degraded RCT, clearly indicating successful 
resolution of the intact peak and allowing the HPLC 

Scheme 1. Proposed alkaline hydrolytic pathway of RCT.

Figure 1. HPLC chromatogram at 232 nm. (a) RCT (40 μg/mL). (b) 
Degraded RCT (derived from 40 μg/mL). (c) Mixture of intact RCT 
and its degradation products (12:28 μg/mL).
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method to be used to indicate the stability of the drug.

3.2. Densitometric method

The TLC densitometric method was used to determine 
RCT in the presence of its degradation products 
oknin accordance with differences in their Rf values. 
Different developing systems such as isopropanol-
chloroform-ammonia (33%) (40:10:2, v/v/v), n-hexane-
ammonia-methanol (10:1:30, v/v/v), and n-hexane-
isopropanol-methanol-ammonia (20:20:30:1, v/v/v/v) 
were attempted, but complete separation of the drug 
from its degradation products was achieved using a 
mobile phase of isopropanol-ammonia (33%)-n-hexane 
(9:0.5:20, v/v/v) (Figure 2). The Rf value of the pure 
drug was 0.71, but the Rf value of its three degradation 
products was 0.09, 0.65, and 0.85, respectively.

3.3. D1 spectrophotometric method

Zero-order absorption spectra of RCT and its 
degradation products resulted in overlapping that 
would interfere with direct determination of the drug, 
as shown in Figure 3. Derivative spectroscopy proved 
to be a simple and powerful technique for dealing with 
such an overlap. Examination of the first derivative D1 
spectrum of RCT and its degradation products revealed 
that the intact drug can be determined selectively 
using the trough at 240 nm. A zero-crossing point was 
indicated for the degradation products (Figure 4).

3.4. Method validation

3.4.1. Linearity

Using the suggested methods, a linear correlation was 
obtained between peak areas and the corresponding 

drug concentration in the range of 4-40 μg/mL for 
the HPLC method. With the densitometric method, a 
linear relationship between peak areas of the separated 
spots and the corresponding RCT concentration was in 
the range of 2-20 μg/spot. Moreover, linearity between 
the trough amplitude of the D1 curve at 240 nm and 
the corresponding drug concentration was obtained 
in the range of 5-40 μg/mL for the derivative method. 
The characteristic parameters of regression equations 
and correlation coefficients were calculated and are 
listed in Table 1.

3.4.2. Accuracy and precision

The three proposed methods were tested three times; 
accuracy ranged between 99.2-99.5 ± 0.56-1.02% for 
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Figure 2. Densitometric chromatogram of RCT (2-20 μg per spot) 
at 232 nm.

Figure 3. Absorption spectra of 100 μg/mL intact racecadotril ( — ) 
and 100 μg/mL of its  degradation products ( --- ) in methanol. 

Figure 4. First derivative spectra of 40 μg/mL intact racecadotril 
(— ) and 40 μg/mL of its degradation products ( --- ) in methanol.
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RCT with three concentrations within the linearity 
range. Precision was also evaluated by calculating 
the intraday RSD%, which ranged between 0.33 and 
0.84% and was found to be 0.34-0.98% over a period 
of two months. This indicated the repeatability and 
reproducibility of the proposed methods (Table 1).

3.4.3. Specificity

Laboratory prepared mixtures containing different 
percentages of the drug and its degradation products 
were analyzed. The three methods were valid at 
determining the pure drug in the presence of up to 90% 
of its degradation products without any interference; as 

shown in Table 2, recovery was satisfactory in a range 
of 99.9-100.8 ± 0.55-0.82%, and the methods were 
successful at indicating stability.
 The specificity of the proposed methods was 
further evaluated by successful analysis of the drug 
in its pharmaceutical formulation. With acetorphan 
packets, the HPLC, densitometric, and D1 methods 
had mean recovery of 101.3 ± 1.68, 99.5 ± 0.56, and 
101.5 ± 1.59%, respectively (Table 3). The results 
obtained were reproducible with a low relative standard 
deviation of no more than 1.7%. These results were 
compared with those obtained with the reported direct 
UV spectrophotometric method (4). As shown in Table 
3, calculated t- and F-values were less than theoretical 

Parameters

Linearity range

Regression parameters
    Slope ± S.D.
    Intercept ± S.D.
    S.D. of residual
    Correlation coefficient

Accuracy (R% ± S.D.)

Precision (RSD%, n = 9)
    Intraday
    Interday 

Table 1. Regression parameters and assay validation results for the determination of RCT by the proposed methods

HPLC method

4-40 μg/mL

23.889 ± 7.24
19.293 ± 8.86

11.379
    0.9997

99.5 ± 0.88

0.51-0.73
0.69-0.98

Densitometric method

2-20 μg/spot

169.970 ± 2.04
  254.651 ± 23.77

33.944
    0.9995

99.5 ± 0.56

0.80-0.84
0.34-0.70

D1 spectrophotometric method

5-40 μg/mL

  0.0370 ± 0.001
-0.041 ± 0.02

0.032
  0.9996

99.2 ± 1.02

0.33-0.42
0.60-0.89

Table 2. Determination of RCT in mixtures with its degradation products using the proposed methods

HPLC method Densitometric method D1 spectrophotometric method

Intact
(μg/mL)

36
28
20
12
  8
  4

Mean ± S.D.

Degraded
(μg/mL)

  4
12
20
28
32
36

R% 
of intact

  99.9
101.3
101.5
99.7
101.6
100.8

100.8 ± 0.82

Intact
(μg/mL)

18
14
10
  6
  4
  2

Degraded
(μg/mL)

  2
  6
10
14
16
18

R% 
of intact

  99.9
100.9
100.4
100.2
101.1
  99.7

100.4 ± 0.55

Intact
(μg/mL)

35
28
20
12
  8
  5

Degraded
(μg/mL)

  5
12
20
28
32
35

R% 
of intact

100.7
  99.8
  99.3
100.4
  98.9
100.5

99.9 ± 0.72

Parameters

Mean% 
S.D.
Variance 
N
t-test
F-test 

Standard addition
 Mean ± S.D.%

Table 3. Determination of RCT in acetorphan packets by the proposed methods in comparison to the reported method (4)

HPLC method

101.3 
      1.68
      2.84

5
     1.89 
     3.42 

98.6 ± 1.07

Densitometric method

 99.5
     0.56
     0.32

5
    0.25 
    2.59

100.1 ± 1.02

D1 spectrophotometric method

101.5
      1.59
      2.54

 5
      1.43 
      3.06 

100.5 ± 0.88

Reported method (Ref. 4)

 99.6
     0.92
     0.83

5

The theoretical t- and F-values at p = 0.05 were 2.31 and 6.39, respectively. The reported method (4) is UV measurement of the drug at 231 nm 
in methanol.
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ones, indicating that there was no significant difference 
between the proposed and reported methods with 
respect to accuracy and precision.
 Validity of the proposed methods was further 
assessed using the standard addition technique; mean 
recovery of the added amount was 98.6 ± 1.07%, 100.1 
± 1.02%, and 100.5 ± 0.88% for the three methods, 
respectively (Table 3).

4. Conclusion

The suggested methods were the first to indicate 
stability for the determination of RCT in its bulk 
powder or pharmaceutical formulation without 
interference from its degradation products or excipients. 
In addition, they are simple, rapid, accurate and precise 
and can be used for routine analysis in quality control 
laboratories.
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